US007574016B2

(12) United States Patent

(10) Patent No.:

Steinberg et al.

US 7,574,016 B2

(45) Date of Patent:

(54) DIGITAL IMAGE PROCESSING USING FACE

4,975,969 A

DETECTION INFORMATION

5,008,946 A
RE33,682 E

(75) Inventors: Eran Steinberg, San Francisco, CA

5,051.770 A

(US); Yury Prilutsky, San Mateo, CA

W - J.

(US); Peter Corcoran, Claregalway

5,111,231 A

Aug. 11, 2009

12/1990 Tal
4, 1991 Ando
9, 1991 Hi

tsu .................. 358/227

9, 1991 CON,
5/1992 Tokunaga

(IE); Petronel Bigioi, Galway (IE)
(73) Assignee: FotoNation Vision Limited, Galway
(IE)
(*) Notice:

(Continued)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

FOREIGN PATENT DOCUMENTS
EP

1 12831.6 A1

8/2001

U.S.C. 154(b) by 1142 days.
(21) Appl. No.: 10/608,810
(22) Filed:
Jun. 26, 2003
(65)

(Continued)
OTHER PUBLICATIONS

Prior Publication Data

US 2006/0204055A1
(51) Int. Cl

Sep. 14, 2006

Gook 9/00

(2006.01)

H04N 7/8

(2006.01)

P. Vuylsteke, et al., Range Image Acquisition with a Single Binary
Encoded Light Pattern, IEEE Transactions on Pattern Analysis and
Machine Intelligence, abstract printed from http://cs.dl.computer.org/

comp/trans/tp/1990/02/i0148abs.htm, 1990, 1 page.
(Continued)

(52) U.S. Cl. ....................... 382/103: 382/118; 382/254;
348/152: 348/169; 348/207.99

Primary Examiner Daniel G Mariam

(58) Field of Classification Search ................... 348/61,

Assistant Examiner Manav Seth

348/68, 77 78,143, 152, 155, 158, 169,
348/207.99, 220.1-229.1: 382/103, 115-118,

382/254, 274

See application file for complete search history.
(56)
References Cited
U.S. PATENT DOCUMENTS
4,047,187
4,317,991
4,367,027
RE31,370
4,448,510
4,638,364
4,796,043
4,970,663
4,970,683

A
A
A
E
A
A
A
A
A

9, 1977
3/1982
1, 1983
9, 1983
5, 1984
1/1987
1, 1989
11, 1990
11, 1990

Mashimo et al. .......... 354.23 D
Stauffer ...................... 250,201
Stauffer ..........
... 354,195
Mashimo et al. .............. 354/23
Murakoshi
Hiramatsu .................. 358/227
Izumi et al.
Bedell et al.
Harshaw et al.

(74) Attorney, Agent, or Firm—Andrew V. Smith

(57)

ABSTRACT

A method of processing a digital image using face detection
within the image achieves one or more desired image pro
cessing parameters. A group of pixels is identified that corre
spond to an image of a face within the digital image. Default
values are determined of one or more parameters of at least
Some portion of the digital image. Values are adjusted of the
one or more parameters within the digitally-detected image
based upon an analysis of the digital image including the
image of the face and the default values.

24 Claims, 18 Drawing Sheets
210

212
214
220

222

224

US 7,574,016 B2
Page 2
U.S. PATENT DOCUMENTS
5,150,432 A

6,459,436 B1
6,463,163 B1
6,473,199 B1

10/2002 Gilman et al. ............... 358/19

5,161,204 A

1 1/1992 Hutcheson et al.

6,501,857 B1

12/2002 Gotsman et al. ............ 382,224

5,164,992 A
5,291,234 A

5,331.544 A

1 1/1992
3, 1994
4, 1994
7, 1994

6,502,107
6,504,942
6,504,951
6,516,154

12/2002
1/2003
1/2003
2/2003

5,353,058 A

10/1994 Takei

5,305,048 A

9, 1992 Ueno et al.

10/2002 Kumada et al. ............. 345,590
10/2002 Kresch

Turk et al. ..................... 382.2
Shindo et al. ............... 354,402
Suzuki et al.
Lu et al.

5,384,615 A
5.432,863. A
5,450,504 A

1/1995 Hsieh et al.
7, 1995 Benati et al.
9, 1995 Calia

5,465,308 A
5.488.429 A
5,493.409 A

1 1/1995
1/1996
2f1996
6/1997
1/1998
2/1998
3/1998
4, 1998
6/1998
6, 1998
6/1998

5,638,136 A
5,710,833. A
5,715,325 A
5,724.456 A
5,745,668 A

5,764,803 A
5,771,307 A

5,774,129 A
5,781,650 A
5,812, 193 A

Hutcheson et al.
Kojima et al. ...............
Maeda et al.
Kojima et al. ...............
Moghaddam et al. .......
Bang et al.
Boyack et al. ..............
Poggio et al. ...............
Jacquin et al.
Lu et al.
Poggio et al. ...............

B1
B1
B1

B1

Nishida ......
707/104.1
Hong et al. ................. 382,103
Luo et al. ................... 382,165
Parulski et al.
396.287

6,526,161 B1

2/2003 Yan ............................ 382,118

6,529,630 B1
6,549,641 B2
6,564.225 B1

3/2003 Kinjo
4/2003 Ishikawa et al.
5/2003 Brogliatti et al.......... TO7 104.1

348,653

6,567,983 B1
6,587,119 B1
6,661,907 B2

5/2003 Shiimori ..................... 725/105
7/2003 Anderson et al.
12/2003 Ho et al.

348,653
382,228

6,700.999 B1* 3/2004 Yang .......................... 382,118
6,747,690 B2 6/2004 Molgaard
6,754,368 B1
6/2004 Cohen

382.274
395/175

6,760,485 B1
6,778,216 B1

6,792,135 B1

7/2004 Gilman et al.
8, 2004 Lin

9/2004 Toyama

6,816,611 B1

1 1/2004 Hagiwara et al.

345,441

6.829,009 B2

12/2004 Sugimoto

7, 1998 Lobo et al. ........
... 382f1 18
9, 1998 Tomitaka et al. ..... ... 348,369

6,900,840 B1
6,937,773 B1

5/2005 Schinner et al.
8, 2005 Nozawa et al.

5,818,975 A
5,835,616 A

10, 1998 Goodwin et al. ..
11, 1998 Lobo et al. ........

... 382.274
... 382f1 18

6,940,545 B1
6.959,109 B2

9/2005 Ray et al.
10/2005 Moustafa

5,844,573 A
5,850,470 A

12/1998 Poggio et al. ............... 345,441
12/1998 Kung et al.

6,965,684 B2
6,977,687 B1

11/2005 Chen et al.
12/2005 Suh

5,852,669
5,852,823.
RE36,041
5,870,138
5,905,807
5,911,139
5,966,549
5,978,519
5.991,456

A
A
E
A
A
A
A
A
A

12/1998
12/1998
1/1999
2, 1999
5/1999
6/1999
10, 1999
11/1999
11/1999

Elftheriadis et al.
De Bonet ....
... TO7.6
Turk et al. ..
... 382f1 18
Smith et al. ................. 348/143
Kado et al.
Jain et al. ...................... 707/3
Hara et al.
Bollman et al. ...
... 382.282
Rahman et al. ............. 382,254

7,027,621
7,034,848
7,035,462
7,039,222
7,042,511
7,043,465
7.057,653
7,106,374
7,106,887

B1
B2
B2
B2
B2
B2
B1
B1
B2

4/2006
4, 2006
4/2006
5, 2006
5, 2006
5, 2006
6/2006
9, 2006
9/2006

Prokoski
Sobol
White et al.
Simon et al.
Lin
Pirim
Kubo
Bandera et al.
Kinjo

6,028,960
6,035,074
6,061,055
6,072,094.
6,097.470
6,101,271

A
A
A
A
A
A

2/2000
3/2000
5, 2000
6/2000
8/2000
8/2000

Graf et al.
Fujimoto et al.
Marks
Karady et al. ............... 585,538
Buhr et al. .................... 355/38
Yamashita et al. .......... 382, 167

7,110,569
7,194,114
7,227.976
7,269,292
7,295.233
7,315,630

B2
B2
B1
B2

9/2006
3/2007
6/2007
9/2007
11/2007
1/2008

Brodsky et al.
Schneiderman
Jung et al.
Steinberg

6,108,437 A

8, 2000 Lin

B2
B2

7,315,631 B1

Steinberg et al.
Steinberg et al.

1/2008 Corcoran et al.

6,128,397 A

10/2000 Baluja et al. ................ 382,118

7,317,815 B2

1/2008 Steinberg et al.

6,128,398 A

10/2000 Kuperstein et al.

7.336,821 B2

2/2008 Ciuc et al.

6,134,339 A

10/2000 Luo

7.362,368 B2

4/2008 Steinberg et al.

6,148,092 A

1 1/2000 Qian .......................... 382,118

7,403,643 B2

6,151,073. A
6,173,068 B1

11/2000 Steinberg et al. ............ 348,371
1/2001 Prokoski

7.440,593 B1
2001/0005222 A1

10/2008 Steinberg et al.
6/2001 Yamaguchi

2001/0028731
2001/0031142
2001/0038714
2002/0105662
2002/01061 14
2002/01 14535

10, 2001
10, 2001
11/2001
8/2002
8/2002
8/2002

6,188,777
6, 192,149
6,246,779
6,246,790
6,249,315
6,252,976

B1
B1
B1
B1
B1
B1

2/2001
2/2001
6/2001
6/2001
6/2001
6/2001

Darrell et al. ............... 382,103
Eschbach et al. ............ 382,168
Fukui et al.
Huang et al.
Holm ......................... 348,251
Schildkraut et al.

A1
A1
A1
A1
A1
A1

7/2008 Ianculescu et al.
Covell et al. ................ 382,118
Whiteside .................... 396.61
Masumoto et al.
Patton et al. ................. 358/19
Yan et al. .................... 382,118
Luo ........................... 382.282

6,263,113 B1

7/2001 Abdel-Mottaleb et al. ... 38.2/237

2002/0118287 A1

6,268,939 B1
6,278.491 B1
6,282,317 B1

7/2001 Klassen et al. .............. 358,518
8/2001 Wang et al.
8/2001 Luo et al. ................... 382,203

2002/0136433 Al
2002/0168108 Al
2002/0172419 A1

6,301,370 B1

10/2001 Steffens et al. .............. 382,103

2002/0176609 A1

11, 2002 Hsieh et al.

6,301,440
6,332,033
6,349,373
6,351,556

10/2001
12/2001
2/2002
2/2002

2002fO181801
2002/019 1861
2003/0023974
2003/0025812

12/2002
12/2002
1/2003
2/2003

B1
B1
B2
B1

Bolle et al.
Qian .......................... 382,124
Sitka et al. ..
... 711/161
Louiet al. .................. 382, 164

All
Al
A1
A1

8/2002 Grosvenor et al.

9, 2002 Lin ............................ 382,118
1 1/2002 Louiet al. .................. 382,190
1 1/2002 Lin et al. .................... 382, 167

Needham et al.
Cheatle ...................... 382.282
Dagtas et al.
Slatter ..................... 348,240.2

6,393,148 B1

5/2002 Bhaskar ...................... 382/169

2003.0035573 A1

2/2003 Dutta et al. ...

6,404,900 B1

6/2002 Qian et al.

382,103

2003/004.8950 A1

3/2003 Savakis et al. .............. 382,225

6,407,777 B1

6/2002 DeLuca ...................... 348,576

2003/0052991 A1

3/2003 Stavely et al. ............... 348/370

6.421,468
6.426,779
6,438,264
6,456,732

7/2002
7/2002
8/2002
9/2002

2003/0059107
2003/0059121
2003/0071908
2003/0084.065

3, 2003
3/2003
4/2003
5/2003

B1
B1
B1
B1

Ratnakar et al. ............ 382,254
Noguchi et al.
Gallagher et al. ........... 382, 167
Kimbell et al. ............. 382/112

A1
A1
A1
A1

... 38.2/128

Sun et al. .....
382,165
Savakis et al. .............. 382,239
Sannoh ....................... 348/345
Lin et al. ................. TO7 104.1

US 7,574,016 B2
Page 3
2003/0107649 A1

6/2003 Flickner et al. ............. 348.150

2008.004997O A1

2/2008 Ciuc et al.

2003.0118216 A1

6/2003 Goldberg .................... 382,115

2008/0055433 A1

3/2008 Steinberg et al.

2003/O123713 A1
2003.01.23751 A1

7/2003 Geng
7/2003 Krishnamurthy et al.

2008.0075385 A1
2008. O175481 A1

3/2008 David et al.
7/2008 Petrescu et al.

2003. O142209 A1
2003. O151674 A1
2003/O169907 A1

7/2003 Yamazaki et al.
8, 2003 Lin
9, 2003 Edwards et al.

2008/0205712 A1
2008, 0240555 A1

2003/0202715 A1
2004/0022435 A1
2004/OO95359
2004/O120399
2004/0170397
2004/017.5021
2004/0179719
2004/0218832

A1
A1
A1
A1
A1
A1

2004/0228505 A1
2004/0264744 Al

10/2003 Kinjo ......................... 382.282
2, 2004 Ishida

5, 2004
6, 2004
9, 2004
9, 2004
9, 2004
11/2004

Simon et al.
Kato
Ono
Porter et al.
Chen et al.
Luo et al.

1 1/2004 Sugimoto
12/2004 Zhang et al.

2005/0041121 A1
2005.0068446 A1
2005.0068452 A1

2/2005 Steinberg et al.
3/2005 Steinberg et al.
3/2005 Steinberg et al.

2005.0089218 A1

4, 2005 Chiba

2005, 0104848 A1

5/2005 Yamaguchi et al.

2005/0105780 A1

5, 2005 Ioffe

8, 2008 Ionita et al.
10, 2008 Nanu et al.

FOREIGN PATENT DOCUMENTS
EP
GB
JP
JP
JP
JP
WO
WO
WO
WO
WO
WO
WO
WO
WO

1626.569
2370 438 A
5-260360
05-164475
06-005662
06-254358
WO O2/O52835
WO 2007-095477
WO 2007-095483
WO 2007-095553
WO 2007-142621
WO 2008-O15586
WO 2008-018887
WO 2008-02328O
WO 2008-104549

2, 2006
6, 2002
10, 1993
6, 2005
1, 2006
9, 2006
T 2002
8, 2007
8, 2007
8, 2007
12/2007
2, 2008
2, 2008
2, 2008
9, 2008

2005, 0140801 A1

6/2005 Prilutsky et al.

2005.0185054 A1
2005/0275721 A1

8, 2005 Edwards et al.
12, 2005 Ishii

OTHER PUBLICATIONS

2006, OOO6077 A1
2006,0008152 A1

1/2006 Mosher et al.
1/2006 Kumar et al.

D. Shock, et al., Comparison of Rural Remote Site Production of
Digital Images Employing a Film Digitizer or a Computed Radiog

2006,0008173 A1

1/2006 Matsugu et al.

raphy (CR) System, 4th International Conference on Image Manage

2006, OO18517 A1

1/2006 Chen et al.

ment and Communication (IMAC '95), Aug. 21-24, 1995, Abstract

2006, OO29265 A1
2006, OO39690 A1
2006/0050933 A1

2/2006 Kim et al.
2/2006 Steinberg et al.
3, 2006 Adam et al.

printed from http://cs.dl.computer.org/comp/proceedings/imac/
1995,7560/00/756.00071 abs.htm.

2006/0098875 A1
2006/0098890 A1
2006/O120599 A1

5/2006 Sugimoto
5/2006 Steinberg et al.
6/2006 Steinberg et al.

Teleultrasound System for Real-Time Remote Diagnosis, Eight
Annual IEEE Symposium on Computer-Based Medical Systems
(CBMS '95)m Jun. 9-10, 1995, Lubbock, Texas, Abstract printed

J.W. Sublett, et al. Design and Implementation of a Digital

2006, O140455 A1

6/2006 Costache et al.

from http://cs.dl.computer.org/comp/proceedings/cbms/1995/7117/

2006, O1471.92 A1

7/2006 Zhang et al.

007 1170292.abs.htm.

2006/0203107
2006/0203108
2006/0204034
2006/0204054
2006/0204055

9/2006
9/2006
9/2006
9/2006
9/2006

Sing Bing Kang, et al., A Multibaseline Stereo System with Active
Illumination and Real-Time Image Acquisition, Fifth International
Conference on Computer Vision, Jun. 20-23, 1995, Massachusetts
Institute of Technology, Cambridge, Massachusetts, Abstract printed
from http://cs.dl.computer.org/comp/proceedings/iccv/1995/7042/

A1
A1
A1
A1
A1

2006/0204056 A1

2006/0204057
2006/020411.0
2006/0210264
2006/0215924
2006/0257047
2006/0268150

A1
A1
A1
A1
A1
Al

Steinberg et al.
Steinberg et al.
Steinberg et al.
Steinberg et al.
Steinberg et al.

9/2006 Steinberg et al.

9/2006
9/2006
9/2006
9/2006
1 1/2006
1 1/2006

Steinberg
Steinberg et al.
Saga
Steinberg et al.
Kameyama et al.
Kameyama et al.

0070420088abs.htm.

M. Shand, Flexible Image Acquisition Using Reconfigurable Hard
ware, IEEE Symposium of FPGA's for Custom Computing
Machines (FCCM 95), Apr. 19-21, 1995, Napa Valley, California,
Abstract printed from http://cs.dl.computer.org/comp/proceedings/
fecm/1995,7086700,7086O125abs.htm.
Daechul Park, et al., Lenticular Stereoscopic Imaging and Displaying

2006/026927O A1
2006/028O380 A1

11, 2006 Yoda et al.
12, 2006 Li et al.

2006/0285754 A1

12/2006 Steinberg et al.

D.C., Abstract printed from http://cs.dl.computer.org/compf proceed

2006,029.1739 A1

12, 2006 Li et al.

ings/icip/1995/7310/03/73103137abs.htm.

2007/0070440
2007/0071347
2007/011 O305
2007/0116379

A1
A1
A1
A1

3/2007
3/2007
5, 2007
5, 2007

Li et al.
Li et al.
Corcoran et al.
Corcoran et al.

Techniques with no Special Glasses, 1995 International Conference
on Image Processing (vol. 3)-vol. 3, Oct. 23-26, 1995, Washington,

H.H. Garnaoui, et al., Visual Masking and the Design of Magnetic
Resonance Image Acquisition, 1995 International Conference on
Image Processing (vol. 1)-vol. 1, Oct. 23-26, 1995, Washington,
D.C., Abstract printed from http://cs.dl.computer.org/compf proceed

2007, 0116380 A1

5, 2007 Ciuc et al.

ings/icip/1995/7310/01/73 100625abs.htm.

2007/O12205.6 A1
2007/O160307 A1

5/2007 Steinberg et al.
7/2007 Steinberg et al.

John Dalton, Digital Cameras and Electronic Color Image Acquisi
tion, Compcon Spring 96 41st IEEE International Conference,

2007. O189606 A1

8, 2007 Ciuc et al.

Feb. 25-28, 1996, San Jose, California, Abstract printed from http://

2007/O189748 A1

8, 2007 Drimbarean et al.

csdl.computer.org/comp/proceedings/compcon, 1996/7414/00/

2007/O189757 A1

8/2007 Steinberg et al.

74.140431 abs.htm.

2007/02O1724 A1

8/2007 Steinberg et al.

Arun Krishman, Panoramic Image Acquisition, 1996 Conference on

2007/0296833 A1
2008, OO13798 A1

12/2007 Corcoran et al.
1/2008 Ionita et al.

Computer Vision and Pattern Recognition (CVPR 96), Jun. 18-20,
1996, San Francisco, CA, Abstract printed from http://cs.dl.computer.

2008.0031498 A1

2/2008 Corcoran et al.

org/comp/proceedings/cvpril 1996/7258/00/72580379abs.htm.

2008.OO37827
2008, 0037838
2008.OO37839
2008, 003784.0

2/2008
2/2008
2/2008
2/2008

Tony S. Jebara, 3D Pose Estimation and Normalization for Face
Recognition, Department of Electrical Engineering, McGill Univer
sity, A Thesis submitted to the Faculty of Graduate Studies and
Research in Partial fulfilment of the requirements of the degree of

A1
A1
A1
A1

2008.0043.122 A1

Corcoran et al.
Ianculescu et al.
Corcoran et al.
Steinberg et al.

2/2008 Steinberg et al.

Bachelor of Engineering, May 1996, pp. 1-121.

US 7,574,016 B2
Page 4
David Beymer, Pose-Invariant Face Recognition Using Real and
VirtualViews, Massachusetts Institute of Technology Artificial Intel
ligence Laboratory, A.I.Technical Report No. 1574, Mar. 1996, pp.

U.S. Appl. No. 10/608,772, entitled “Method of improving orienta
tion and color balance of digital images using face detection infor

1-176.

PCT Application No. PCT/US2006/021393, filed Jun. 2, 2006,
entitled “Modification of Post-Viewing Parameters for Digital
Images Using Image Region or Feature Information'.
PCT Application No. PCT/US2006/060392, filed Oct. 31, 2006,
entitled “Digital Image Processing Using Face Detection and Skin

Wen-Chen Hu, et al., A Line String Image Representation for Image
Storage and Retrieval, 1997 International Conference on Multimedia
Computing and Systems (ICMCS '97), Jun. 3-6, 1997, Ottawa,
Ontario, Canada, Abstract printed from http://cs.dl.computer.org/
comp/proceedings/icmcs/1997/7819/00/78190434abs.htm.
Yuan Y. Tang, et al., Information Acquisition and Storage of Forms in
Document Processing, 4th International Conference Document
Analysis and Recognition (ICDAR'97) vol. 1 and vol.II, Aug. 18-20,
1997, Ulm, Germany, Abstract printed from http://cs.dl.computer.org/
comp/proceedings/icdar/1997/7898/00/78980170abs.htm.
J.-A. Beraldin, et al., Object Model Creation from Multiple Range
Images: Acquisition, Calibration, Model Building and Verification,
International Conference on Recent Advances in 3-D Digital Imaging
and Modeling, May 12-15, 1997, Ottawa, Ontario, Canada, Abstract
printed from http://cs.dl.computer.org/compf proceedings nrc? 1997/
7943,00/7943,0326abs.htm.

Jun Zhang, et al., Face Recognition: Eigenface, Elastic, Matching,
and Neutral Nets, Proceedings of the IEEE, Sep. 1997, pp. 1423
1435, vol. 85, No. 9.

Hiroyuki Aoki, et al. An Image Storage System Using Complex
Valued Associative Memories, International Conference on Pattern

Recognition (ICPR 00)-vol. 2, Sep. 3-8, 2000, Barcelona, Spain,
Abstract printed from http://cs.dl.computer.org/comp/proceedings/
icpr/2000/0750/02/07502626abs.htm.
Daniel Skocaj, Range Image Acquisition of Objects with Non-Uni
form Albedo Using Structured Light Range Sensor, International
Conference on Pattern Recognition (ICPR 00)-vol. 1, Sep. 3-8.
2000, Barcelona, Spain, Abstract printed from http://cs.dl.computer.
org/comp/proceedings?icpril 2000/0750/01/0750 1778abs.htm.
Reinhold Huber, et al., Adaptive Aperture Control for Image Acqui
sition, Sixth IEEE Workshop on Applications of Computer Vision,
Dec. 3-4, 2002, Orlando Florida, Abstract printed from http://cs.dl.
computer.org/comp/proceedings/wacv/2002/1858/00/18580320abs.
htm.

Michal Kozubek, et al., Automated Multi-view 3D Image Acquisition
in Human Genome Research, 1st International Symposium on 3D
Data Processing Visualization and Transmission (3DPVT '02), Jun.
19-21, 2002, Padova, Italy, Abstract printed from http://cs.dl.com
puter.org/comp/proceedings/3dpvt/2002/1521/00/1521.009 labs.
htm.

Nobuyuki Kita, et al., Archiving Technology for Plant Inspection
Images Captured by Mobile Active Cameras 4D Visible
Memory—1st International Symposium on 3D Data Processing
Visualization and Transmission (3DPVT '02), Jun. 19-21, 2002,
Padova, Italy, Abstract printed from http://cs.dl.computer.org/comp/
proceedings/3dpvt/2002/1521/00/15210208abs.htm.
Anna T. Fernandez, et al., Synthetic Elevation Beamforming and
Image Acquisition Capabilities Using an 8x128 1.75D Array, The
Technical Institute of Electrical and Electronics Engineers, Abstract
printed from http://www.ieee-uffc.org/archive/uffc/transtoc/abs/03/
tO310040.htm.

Henry A. Rowley, et al., Neutral Network-Based Face Detection,
IEEE Transactions on Pattern Analysis and Machine Intelligence,
Jan. 1998, pp. 23-38, vol. 20, No. 1.
Mathew Gaubatz, et al., Automatic Red-Eye Detection and Correc
tion, IEEE ICIP 2002, pp. I-804-I-807.
Ming-HsuanYang, et al., Detecting Faces in Images: A Survey, IEEE
Transactions on Pattern Analysis and Machine Intelligence, Jan.
2002, pp. 34-58, vol. 24, No. 1.
Kresimir Matkovic, et al., The 3D Wunderkammer an Indexing by
Placing Approach to the Image Storage and Retrieval. Theory and
Practice of Computer Graphics 2003, Jun. 3-5, 2003, University of
Birmingham, UK, Abstract printed from http://cs.dl.computer.org/
comp proceedings/tpcg/2003/1942/00/19420034abs.htm.
Twins Crack Face Recognition Puzzle, Internet article http://www.
cnn.com/2003/TECH/ptech/03/10/israel.twins.reut/index.html,
printed Mar. 10, 2003, 3 pages.

mation'.

Tone Information'.

Batur, A. et al., "Adaptive Active Appearance Models.” IEEE, vol. 14.
No. 11, Nov. 2005, pp. 1707-1721.
Buenaposada, J., “Efficiently Estimating 1-3, 16 Facial Expressions
and Illumination in Appearance-Based Tracking.” Proc. British
Machine Vision Conf. Sep. 4, 2006, XP002494036, 10 pages.
Cootes, T. F. et al., “A Comparative Evaluation of Active Appearance

Model Algorithms.” Proc. 9" British Machine vision Conf. Brit.

Machine Vision Assoc., 1998, pp. 680-689.
Cootes, T. F. et al., “Modeling Facial Shape and Appearance.” Hand
book of FaceRecognition, Chapter 3, Springer, 2005, XP002494037.
26 pgs.
Cootes, T. F. et al., “On Representing Edge Structure for Model
Matching.” CVPR vol. 1, 2001, pp. 1114-1119.
Crowley, J. et al., “Multi-Modal Tracking of Faces for Video Com
munication.” In Computer Vision and Patent Recognition, 1997.
http://citeseerist.psu.edu/crowley97multimodal.html.
Donner, Rene et al., “Fast Active Appearance Model Search using
Canonical Correlation Analysis.” IEEE, vol. 28, No. 10, Oct. 2006,
pp. 1690-1694.
Edwards, G. J. et al., “Advances in Active Appearance Models.”
Proceedings of the 7th IEEE International Conference on Computer
Vision (ICCV 99), vol. 1, pp. 137-142, Kerkyra, Greece, Sep. 1999.
Edwards, G. J. et al., "Learning to Identify and Track Faces in Image
Sequences.” Automatic Face and Gesture Recognition, Proc. IEEE,
Apr. 14, 1998, XPO10277593, pp. 260-265.
Feraud, R. et al., “A Fast and Accurate Face Detector Based on Neural

Networks.” IEEE, vol. 23, No. 1, Jan. 2001, pp. 42-53.
Froba, B. et al., “Face Detection With The Modified Census Trans

form.” Dept. of Applied Elect. Proceedings of 6' IEEE, 2004, pp.
1-6, XP-002455697.

Froba, B. et al., “RealTime Face Detection.” Dept. of Applied Elec
tronics, 2002, XP-2455696A, pp. 1-6.
Gerbrands, J. On the Relationships Between SVD, KLT, and PCA.
1981, Pattern Recognition, vol. 14, Nos. 1-6, pp. 375-381.
Goodall, Charles, “Procrustes Methods in the Statistical Analysis of
Shape.” Journal of the Royal Statistical Society, Series B., vol. 53,
No. 2, 1991, pp. 285-339.
Hou, Xinwen et al., “Direct Appearance Models.” IEEE, 2001, pp.
I828-833.

Huang et al., “Detection of human faces using decision trees' 2nd
International Conference on Automatic Face and Gesture Recogni
tion (FG 96). p. 248 IEEE Xplore http://doi.ieeecomputersociety.
org/10. 1109/AFGR/1996.html, 2 pgs.
International Search Report and Written Opinion, PCT/US2006/
021393, filed Jun. 2, 2006, entitled, Modification of Post-Viewing
Parameters for Digital Images Using Image Region or Feature Infor
mation, ISR/WO dated Mar. 29, 2007, 12 pgs.
International Search Report and Written Opinion, PCT/US2006/
060392, filed Oct. 31, 2006, entitled, “Digital Image Processing
using Face Detection and Skin Tone Information.” ISR/WO dated
Sep. 19, 2008, 9 pgs.
International Search Report and Written Opinion, PCT/IB2007/
003724. Aug. 28, 2008, 9 pgs.
International Search Report and Written Opinion, PCT/EP2007/
006540, Nov. 8, 2007, 11 pgs.
International Search Report and Written Opinion, PCT/EP2007/
006540, Nov. 7, 2008, 6 pgs.
International Search Report and Written Opinion, PCT/EP2008/
001510, May 29, 2008, 13 pgs.
International Search Report and Written Opinion, PCT/EP2008/
052329, Sep. 15, 2008, 12 pgs.
Jones, M. et al., “Fast Multi-View Face Detection. Mitsubishi Elec

tric Research Laboratories, 2003.http://www.merl.com/papers/docs/
TR2003-96.pdf, 10 pgs.

US 7,574,016 B2
Page 5
Kouzani, A. Z., “Illumination-Effects Compensation in Facial
Images.” IEEE, 1999, p. VI-840-VI-844.
Lai. J. et al., “Face recognition using holistic Fourier in variant
features.” Pattern Recognition 34 (2001), pp. 95-109. http://
digitalimaging.inf.brad.ac.uk/publication/prj4-1.pdf.
Lei, Z. et al., “A CBIR Method Based on Color-Spatial Feature.”
IEEE Region 10th Ann. Int. Conf. 1999 (TENCON'99, Cheju, Korea,
1999).
Lienhard, R. et al., “A Detector Tree of Boosted Classifiers for Real
TimeObject Detection and Tracking.” Proc. of the 2003 Intl. Conf. on
Multimedia and Expo Vo. 1, pp. 277-280 (2003), ISBN: 0-7803
7965-9, Publisher IEEE Computer Society, Washington, DC, USA.
Matthews, I. et al., “Active appearance models revisited.” Interna
tional Journal of ComputerVision, vol. 60, No. 2, pp. 135-164. 2004.
MekuZ, N. et al., "Adaptive Step Size Window Matching for Detec

Sim, T. et al., “The CMU Pose, Illumination, and Expression (PIE).”
Database of Human Faces Robotics Institute, Carnegie Mellon Uni
versity, Pittsburgh, PA. Tech. Report, CMU-RI-TR-01-02, Jan. 2001,
9 pages.
Smeraldi, F. et al., “Facial Feature Detection by Saccatic Exploration
of the Gabor Decomposition.” Image Processing, 1998 Intl. Conf.
Oct. 4, 1998, pp. 163-167.
Soriano, M. et al., “Making Saturated Facial Images Useful Again.”
Proc. Of the Spie, Spie, Bellingham, VA, vol. 3826, Jun. 17, 1999, pp.

2006, pp. 259-262.
Mitra, S. et al., “Gaussian Mixture Models Based on the Frequency
Spectra for Human Identification and Illumination Classification.”

Stricker et al., “Similarity of Color Images.” SPIE Proc., 1995, pp.

tion.” Proc. Of the 18" Intl. Conf. on Pattern Recog., vol. 2, Aug.

Automatic Identification Advanced Tech., 4" IEEE Workshop on
Buffalo, NY, IEEE, 2005, pp. 245-250.
Nordstrom, M. M. et al., “The IMM Face Database: An Annotated

Dataset of 240 Face Images.” Informatics and Mathematical Model
ling; Tech. Univ. of Denmark, Denmark: 2004.
Ohta, Y-I. et al., “Color Information for Region Segmentation.”
Comp. Graphics and Image Processing, Academic Press, NY. vol. 13,
No. 3, Jul. 1, 1980, XPO08026458, pp. 222-241.
Romdhani, S. et al., “Face Identification by Fitting a 3D Morphable
Model using Linear Shape and Texture Error Functions.” European
Conf. on Computer Vision, Berlin, DE, Jan. 1, 2002, XP003018283,
15 pgs.
Ryu et al., "Coarse-to-Fine Classification for Image-Based Face
Detection.” Carnegie Melon Univ., Pittsburgh, PA, May 1999, ch. 6.
p.92. Subsection 8.3.
Sharma, G. et al., “Digital Color Imaging, IEEE Transactions. On
Image Processing.” vol. 6, No. 7, 1997, pp. 901-932.

113-121.

Stegman, M. B. et al., “FAME-A Flexible Appearance Modelling
Environment.” IEEE Transactions on Medical Imaging, vol. 22, No.
10, pp. 1319-1331.
Stegman, M. B. et al., “Multi-Band Modelling of Appearance.”
ImageVision Comp., vol. 21. No. 1, Jan. 10, 2003, XP009104697, pp.
61-67.
1-12.

Tianhorng, C. et al., “Texture Analysis and Classification with Tree
Structured Wavelet Transform.” IEEE Trans. Of Image Processing,
vol. 2, No. 4, Oct. 1993, pp. 429-441.
Tjahyadi et al., “Application of the DCT Energy Histogram for Face

Recognition.” Proc. Of the 2" Intl. Conf. on Information Technology

for Applicaiotn, ICITA, 2004, pp. 305-310.
Tkalcic, M. et al., "Colour Spaces Perceptual. Historical and
Applicational Background.” IEEE, Eurocon, 2003, Sep. 22-24, 2003,
vol. 1, pp. 304-308.
Turk, M. et al., “Eigenfaces for Recognition.” Journal of Cognitive
Neuroscience, Mass. Institute of Technology, vol. 3, No. 1, 1991, pp.
71-86.

Wan, S. J. et al., “Variance Based Color Image Quantization for
Frame Buffer Display.” Color Res. Applicat., vol. 15, No. 1, 1990, pp.
52-58.

* cited by examiner

U.S. Patent

Aug. 11, 2009

US 7,574,016 B2

Sheet 1 of 18

O2

Open image

103

104

Initiate Picture Rendering

initiate Picture Taking Mode

YMMMMMS

06

Were faces found in the image?

108

Automatically Mark
faces

O
Exit

116

12

Are there any faces in
the image?

Are there any more
faces in the image?

Are any of the regions
detected not faces?
YES

18

Manually
Mark the

Y

4

:

Manually

----------------------. YES----

remove false

faces in the

detected faces

image

in the image

y

y

Y

mm

|

y

120

Proposed Zooming

30

and Panning to

Detect Orientation

and fron the
faces

of faces

colored

tased on skin
tone of faces

Crop in
of the

t

based
of

160

170

18O

Digital Fill flash of

Exposure Fill flash

Automatic focus

faces

based on faces

on faces

the faces

Figure 1 a

U.S. Patent

Aug. 11, 2009

US 7,574,016 B2

Sheet 2 of 18

1000
initiate Pre

Acquisition
Stage

1004
Camera
determines

10O2
Determinefload
Default values

acquisition
parameters

attributes

for image

1010

Camera captures
image

1020
in camera seeks
faces

1032
Exit

NO

1050

1040

1030
Were faces
detected?

Compared values of
attributes in captured
regions to default inage

identify, Mark
egions with
face(s)

y

attributes values

Manually
add
face

1060

regions

Adjust image until
detected image attributes
match default image

Manually
remove false
detected

attributes

regions
1046

Manually grade
selected

fegions based
on importance

O70

Adjust camera acquisition
parameters to correspond
with adjustment of image
attribute adjustments

1090

\

Photographer takes

picture

\-

Figure 1b

U.S. Patent

Aug. 11, 2009

Sheet 3 of 18

US 7,574,016 B2

1100
Initiate Pre

rendering Stage

1104
Device
determines

1102
Determinefload
Default waites

render ing
parameters

attributes

for in age

1110

Digital image is
downloaded to the
device

1120
Device seeks
faces

1132
Exit - Continue the

1140

1130
Were faces
detected?

rendering process —NO
without change

identify, Mark
regions with
face(s)

150

Compared values of
attributes in downloaded

regions to defaultinage
attributes values

1134

Manually
add
face

regions

160

Adjust image until
1144

Manually

detected image attributes
match default image

remove false
detected

attributes

regions
114.6

Manually grade
selected

regions based
on importance
1180

Repeat Process

for multiple images
sent to device

190

Device performs
rendering

Figure 1C

1170

Adjust output device
parameters to correspond
with adjustinent of image
attribute adjustments

U.S. Patent

Aug. 11, 2009

Figure 2a

222

224

Figure 2b

US 7,574,016 B2

U.S. Patent

Aug. 11, 2009

Sheet 5 of 18

s

US 7,574,016 B2

U.S. Patent

Aug. 11, 2009

Sheet 6 of 18

US 7,574,016 B2

U.S. Patent

Aug. 11, 2009

Sheet 7 of 18

US 7,574,016 B2

322

324

Figure 3b

340

SSS

iCure 3C

.

U.S. Patent

Aug. 11, 2009

Sheet 8 of 18

US 7,574,016 B2

Figure 3e
52

six

c) X

CC

OCC

s

C S.
CC

C

s

S

Figure 3f
XXX
370

S

&S

SSESS&SSSSSSSSSS
SEX
&
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

{XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
CXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

&S
S.XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXX:
S&S

U.S. Patent

Figu e
4b.

Aug. 11, 2009

Std Day: 67.89.

Median: 131.
Pixels: 724000

Sheet 9 of 18

*

.

US 7,574,016 B2

46

48

U.S. Patent

Aug. 11, 2009

Sheet 10 of 18

US 7,574,016 B2

Figure 4d
Std Dev. 4963
Median 41

Pixels : 697574

Percent le:
Cache Level: 1

U.S. Patent

Aug. 11, 2009

Sheet 11 of 18

US 7,574,016 B2

SS

SS

s&

w -A

a 8 a. a a

aA& 1 &

s a ste

a

a

& As

a sa

84 set

U.S. Patent

Aug. 11, 2009

Sheet 12 of 18

US 7,574,016 B2

450

Given a

digital image

460

Were faces found in the image?

464
4.62

Automatically Mark

Exit

faces

480

470
Determine

digitally Simulate filt flash

Exposure in face
regions

482
Create masks to
define selected

regions
474

ls the exposure of the face
regions lower than the overal
exposure?

484

increase

exposure of
selected regions
486

Apply sharpening
on selected

regions
478

488

leave image as is

Apply tone
reproduction on
selected regions

A.ii.
-------Display single

Display image
with paratneter
to modify

or multiple
results to the
user

496

492

User adjust the

User selects the

extent of the
modification

preferred result
498

Apply Corfection
to the image

Figure 4g

U.S. Patent

Aug. 11, 2009

US 7,574,016 B2

Sheet 13 of 18

104

initiate Picture Taking Mode

482
Determine Overall

Exposure

106

Were faces found in the image?

108

Automatically Mark

110
Exit

faces

496
Determine

484
Determine

exposure based

Exposure in face
regions

on location of
faces

486

power as function
of aperture and
Shutter

490 Enable Fil
Flash

ls the exposure of the face
regions lower than the overal
exposure?

494
Take Picture with

1

488
Take Picture with
no flash

Filflash

Figure 4h

U.S. Patent

Aug. 11, 2009

Sheet 14 of 18

520

US 7,574,016 B2

40

510

540

U.S. Patent

Aug. 11, 2009

Sheet 15 of 18

US 7,574,016 B2

Capture Mode: Automatic Zoorn
&g:::::::::::::::::::::::::::

40
Capture Mode: Automatic Zoom

Figure 6

U.S. Patent

Aug. 11, 2009

Sheet 16 of 18

US 7,574,016 B2

712

710
718

Auto-Focus Mode: Centered Distance - 17 ft.

714.

722

O
O
O
728

Auto-Focus Mode: Face Detection Distance - 11 ft.

Figure 7a

U.S. Patent

Aug. 11, 2009

Sheet 17 of 18

US 7,574,016 B2

740

Activate focusing
mechanism

750
in Camera seeks
faces

762
Proceed with

760

770

spatial based auto
focusing

Were faces
detected?

Mark regions with
face(s)

techniques

780
User noves
to focus

tracking

772
A- - - - - - - - - - - - - - - - - - - - - -

Display regions

with faces

782

While object is
moving

784

Track face
movement

786

Adjust focus

790

Photographer takes
picture

US 7,574,016 B2
1.
DIGITAL IMAGE PROCESSING USING FACE
DETECTION INFORMATION
CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is one of a series of contemporaneously
filed patent applications including application Ser. No.
10/608,810, entitled, “Digital Image Processing Using Face
Detection Information”: application Ser. No. 10/608,887,
entitled, “Perfecting of Digital Image Capture Parameters
Within Acquisition Devices Using Face Detection’: applica
tion Ser. No. 10/608,888, entitled, “Perfecting the Optics
Withina Digital Image Acquisition DeviceUsing Face Detec
tion': application Ser. No. 10/608,811, entitled, “Perfecting
the Effect of Flash Within an Image Acquisition Device Using
Face Detection'; application Ser. No. 10/608,772, “A Method
of Improving Orientation and Color Balance of Digital
Images. Using Face Detection Information’: application Ser.
No. 10/608,784, entitled, “Modification of Viewing Param
eters for Digital Images. Using Face Detection Information':
application Ser. No. 10/608,766, entitled, “Digital Image Pro
cessing Composition Using Face Detection Information:
application Ser. No. 10/608,819, entitled, “Digital Image
Adjustable Compression and Resolution Using Face Detec
tion Information; and application Ser. No. 10/608,824,
entitled, “Perfecting of Digital Image Rendering Parameters
Within Rendering Devices Using Face Detection”. This
application is also related to application Ser. No. 11/024,046,
entitled, “Detecting Orientation of Digital Images. Using Face
Detection Information; and this application is a parent appli
cation of PCT patent application no. PCT/US2006/021393,
entitled, “Modification of Post-Viewing Parameters for Digi
tal Images Using Image Region or Feature Information'.
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it is desired to make use of the data obtained from face

detection processes for Suggesting options for improving
digital images or for automatically improving or enhancing
quality of digital images.
Yang et al., IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. 24, No. 1, pages 34-58, give a
useful and comprehensive review of face detection tech
niques January 2002. These authors discuss various methods
of face detection which may be divided into four main cat
egories: (i) knowledge-based methods; (ii) feature-invariant

b. Color and Exposure of Faces
While the human visual system is tolerant to shifts in color
balance, the human skin tone is one area where the tolerance

1. Field of the Invention

The invention relates to digital image processing, particu
larly automatic Suggesting or processing of enhancements of
a digital image using information gained from identifying and
analyzing faces appearing within the image. The invention
provides automated image processing methods and tools for
photographs taken and/or images detected, acquired or cap
tured in digital form or converted to digital form, or rendered
from digital form to a soft or hard copy medium by using
information about the faces in the photographs and/or images.
2. Description of the Related Art
The problem of face detection has not received a great deal
of attention from researchers. Most conventional techniques
concentrate on face recognition, assuming that a region of an
image containing a single face has already been extracted and
will be provided as an input. Such techniques are unable to
detect faces against complex backgrounds or when there are
multiple occurrences in an image. For all of the image
enhancement techniques introduced below and others as may
be described herein or understood by those skilled in the art,

2
approaches, including the identification of facial features,
texture and skin color; (iii) template matching methods, both
fixed and deformable and (iv) appearance based methods,
including eigenface techniques, statistical distribution based
methods and neural network approaches. They also discuss a
number of the main applications for face detections technol
ogy. It is recognized in the present invention that none of this
prior art describes or suggests using detection and knowledge
of faces in images to create and/or use tools for the enhance
ment or correction of the images.
a. Faces as Subject Matter
Human faces may well be by far the most photographed
Subject matter for the amateur and professional photographer.
In addition, the human visual system is very sensitive to faces
in terms of skin tone colors. Also, in experiments performed
by tracking the eye movement of the Subjects, with an image
that includes a human being, Subjects tend to focus first and
foremost on the face and in particular the eyes, and only later
search the image around the figure. By default, when a picture
includes a human figure and in particular a face, the face
becomes the main object of the image. Thus, many artists and
art teachers emphasize the location of the human figure and
the face in particular to be an important part of a pleasing
composition. For example, some teach to position faces
around the “Golden Ratio’, also known as the “divine pro
portion” in the Renaissance period, or PHI, cp-lines. Some
famous artists whose work repeatedly depict this composition
are Leonardo Da-Vinci, Georges Seurat and Salvador Dali.
In addition, the faces themselves, not just the location of
the faces in an image, have similar “divine proportion' char
acteristics. The head forms a golden rectangle with the eyes at
its midpoint; the mouth and nose are each placed at golden
sections of distance between the eyes and the bottom on the

is somewhat limited and is accepted primarily only around the
luminance axis, which is a main varying factor between skin
tones of faces of people of different races or ethnic back
grounds. A knowledge of faces can provide an important
advantage in methods of Suggesting or automatically correct
ing an overall color balance of an image, as well as providing
pleasing images after correction.
c. Auto Focus

Auto focusing is a popular feature among professional and
amateur photographers alike. There are various ways to deter
mine a region of focus. Some cameras use a center-weighted
approach, while others allow the user to manually select the
region. In most cases, it is the intention of the photographer to
focus on the faces photographed, regardless of their location
in the image. Other more Sophisticated techniques include an
attempt to guess the important regions of the image by deter
mining the exact location where the photographer's eye is
looking. It is desired to provide advantageous auto focus
techniques which can focus on what is considered the impor
tant Subject in the image
d. Fill-Flash

60

65

Another useful feature particularly for the amateur photog
rapher is fill-flash mode. In this mode, objects close to the
camera may receive a boost in their exposure using artificial
light such as a flash, while far away objects which are not
effected by the flash are exposed using available light. It is
desired to have an advantageous technique which automati
cally provides image enhancements or Suggested options
using fill flash to add light to faces in the foreground which are
in the shadow or shot with back light.
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dering parameters or a combination thereof A group of pixels
is identified that correspond to an image of a face within the
digital image. Default values are determined of one or more
parameters of at least Some portion of said digital image.
Values of the one or more parameters are adjusted within the
digitally-detected image based upon an analysis of said digi
tal image including said image of said face and said default
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e. Orientation

The camera can be held horizontally or vertically when the
picture is taken, creating what is referred to as a landscape
mode orportrait mode, respectively. When viewing images, it
is preferable to determine ahead of time the orientation of the
camera at acquisition, thus eliminating a step of rotating the
image and automatically orienting the image. The system
may try to determine if the image was shot horizontally,
which is also referred to as landscape format, where the width
is larger than the height of an image, or vertically, also
referred to as portrait mode, where the height of the image is
larger than the width. Techniques may be used to determine
an orientation of an image. Primarily these techniques include
either recording the camera orientation at an acquisition time
using an in camera mechanical indicator or attempting to
analyze image content post-acquisition. In-camera methods,
although providing precision, use additional hardware and
Sometimes movable hardware components which can
increase the price of the camera and add a potential mainte
nance challenge. However, post-acquisition analysis may not
generally provide Sufficient precision. Knowledge of loca
tion, size and orientation of faces in a photograph, a comput
erized system can offer powerful automatic tools to enhance
and correct Such images or to provide options for enhancing
and correcting images.

values.
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f. Color Correction

Automatic color correction can involve adding or remov
ing a color cast to or from an image. Such cast can be created
for many reasons including the film or CCD being calibrated
to one light source, such as daylight, while the lighting con
dition at the time of image detection may be different, for
example, cool-white fluorescent. In this example, an image
can tend to have a greenish cast that it will be desired to be
removed. It is desired to have automatically generated or
Suggested color correction techniques for use with digital
image enhancement processing.
g. Cropping
Automatic cropping may be performed on an image to
create a more pleasing composition of an image. It is desired
to have automatic image processing techniques for generat
ing or Suggesting more balanced image compositions using
cropping.
h. Rendering
When an image is being rendered for printing or display, it
undergoes operation as color conversion, contrast enhance
ment, cropping and/or resizing to accommodate the physical
characteristics of the rendering device. Such characteristic
may be a limited color gamut, a restricted aspect ratio, a
restricted display orientation, fixed contrast ratio, etc. It is
desired to have automatic image processing techniques for
improving the rendering of images.
i. Compression and Resolution
An image can be locally compressed in accordance with a
preferred embodiment herein, so that specific regions may
have a higher quality compression which involves a lower
compression rate. It is desired to have an advantageous tech
nique for determining and/or selecting regions of importance
that may be maintained with low compression or high reso
lution compared with regions determined and/or selected to
have less importance in the image.
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SUMMARY OF THE INVENTION

In view of the above, a method of analyzing and processing
a digital image using face detection within said image to
achieve one or more desired image processing parameters is
provided. Such parameters can be acquisition parameter, ren

65

The digital image may be digitally-acquired and/or may be
digitally-captured. Decisions for processing the digital image
based on said face detection, selecting one or more param
eters and/or for adjusting values of one or more parameters
within the digital image may be automatically, semi-auto
matically or manually performed.
The one or more parameter may include orientation, color,
tone, size, luminance, relative exposure, relative spatial loca
tion, tone reproduction, sharpness or focus or combinations
thereof. The one or more parameters may include a mask that
defines one or more regions where the one or more parameters
are valid. The mask may include a continuous presentation of
varying strength within different Sub-regions of said one or
more regions. The one or more parameters may include the
same parameter differing in value based on said mask.
Two or more parameters may be concatenated into a single
parameter. The digital image may be transformed based on
values of the one or more parameters. An operation list may
be created for the digital image based on values of the one or
more parameters. The operation list may be embedded within
the digital image or may be external to the digital image.
Values of orientation may be adjusted Such that a rotation
value for the digital image is determined. Values of the color,
tone, size, luminance, relative exposure may be adjusted
including manipulating a color, tonal, size, luminance, fill
flash balance of the digital image, respectively. Values of
relative spatial location may be adjusted including adjusting a
spatial location of an image of a face relative to at least one
other region of the digital image. Values of focus may be
adjusted including adjusting values of focus for enhancing a
focus of the image of the face within the digital image.
One or more different degrees of simulated fill flash may be
created by manual, semi-automatic or automatic adjustment.
The analysis of the image of the face may include a compari
Son of an overall exposure to an exposure around the identi
fied face. The exposure may be calculated based on a histo
gram. Digitally simulation of a fill flash may include
optionally adjusting tone reproduction and/or locally adjust
ing sharpness. One or more objects estimated to be closer to
the camera or of higher importance may be operated on in the
simulated fill-flash. These objects determined to be closer to
the camera or of higher importance may include one or more
identified faces. A fill flash or an option for providing a
Suggested fill-flash may be automatically provided.
The method may be performed within a digital acquisition
device, a digital rendering device, or an external device or a
combination thereof. The face pixels may be identified, a
false indication of another face within the image may be
removed, and an indication of a face may be added within the
image, each manually by a user, or semi-automatically or
automatically using image processing apparatus. The face
pixels identifying may be automatically performed by an
image processing apparatus, and a manual verification of a
correct detection of at least one face within the image may be
provided.
A method of digital image processing using face detection
to achieve a desired image parameter is further provided
including identifying a group of pixels that correspond to an
image of a face within a digitally-detected image. Initial
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values of one or more parameters of at least some of the pixels
are determined. An initial parameter of the digitally-detected
image is determined based on the initial values. Values of the
one or more parameters of pixels within the digitally-detected
image are automatically adjusted based upon a comparison of
the initial parameter with the desired parameter or an option
for adjusting the values is automatically provided.
The digitally-detected image may include a digitally-ac
quired and/or digitally-captured image. The initial parameter
of the digitally-detected image may include an initial param
eter of the face image. The one or more parameters may
include any of orientation, color, tone, size, luminance, and
focus. The method may be performed within a digital camera
as part of a pre-acquisition stage, within a camera as part of
post processing of the captured image or within external
processing equipment. An option to manually remove a false

5

10

15

indication of a face or to add an indication of a face within the

image may be included. An option to manually override, the
automated Suggestion of the system, whether or not faces
were detected, may be included.
The method may include identifying one or more Sub
groups of pixels that correspond to one or more facial features
of the face. Initial values of one or more parameters of pixels
of the one or more Sub-groups of pixels may be determined.
An initial spatial parameter of the face within the digital
image may be determined based on the initial values. The
initial spatial parameter may include any of orientation, size
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FIGS. 3a-3fillustrate an automatic composition and crop
ping of an image based on the location of the face in accor
dance with one or more preferred embodiments.
FIGS. 4a-4g illustrate digital fill-flash in accordance with
one or more preferred embodiments.
FIG. 4h describes an illustrative system in accordance with
a preferred embodiment to determine in the camera as part of
the acquisition process, whether fill flash is needed, and of so,
activate such flash when acquiring the image based on the
exposure on the face
FIG. 5 illustrates the use of face-detection for generating
dynamic slide shows, by applying automated and Suggested
Zooming and panning functionality where the decision as to
the center of the Zoom is based on the detection of faces in the

image.
in a video camera or a digital camera with video capability,
with an automatic Zooming and tracking of a face as part of
the live acquisition in a video camera, in accordance with a
preferred embodiment.
FIGS. 7a and 7b illustrate an automatic focusing capability
in the camera as part of the acquisition process based on the
detection of a face in accordance with one or more preferred
embodiments.

FIG. 8 illustrates an adjustable compression rate based on
the location of faces in the image in accordance with a pre
ferred embodiment.
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addition to that which is described as background, the inven
tion summary, the abstract, the brief description of the draw
ings and the drawings themselves, hereby incorporated by
reference into the detailed description of the preferred
embodiments below, as disclosing alternative embodiments
of elements or features of the preferred embodiments not
otherwise set forth in detail below. A single one or a combi
nation of two or more of these references may be consulted to
obtain a variation of the preferred embodiments described in
the detailed description herein:
U.S. Pat. Nos. RE33682, RE3 1370, 4,047,187, 4,317,991,
4,367,027, 4,638,364, 5,291,234, 5,488,429, 5,638,136,
5,710,833, 5,724,456, 5,781,650, 5,812, 193, 5,818,975,
5,835,616, 5,870,138, 5,978,519, 5,991,456, 6,097,470,
6,101,271, 6,128,397, 6,148,092, 6,151,073, 6,188,777,
6,192,149, 6,249,315, 6,263,113, 6,268,939, 6,282,317,
6,301,370, 6,332,033, 6,393,148, 6,404,900, 6,407,777,
6.421,468, 6,438,264, 6,456,732, 6,459,436, 6,473,199,
6,501,857, 6,504,942, 6,504,951, 6,516,154, and 6,526,161;

United States published patent applications no. 2003/

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a illustrates a preferred embodiment of the main
workflow of correcting images based on finding faces in the
images.

embodiments.

FIG. 6 describes an illustrative simulation of a viewfinder

and location.

When the spatial parameter is orientation, values of one or
more parameters of pixels may be adjusted for re-orienting
the image to an adjusted orientation. The one or more facial
features may include one or more of an eye, a mouth, two
eyes, a nose, an ear, and other facial features. Such features
may also include the location of close-by skin which is asso
ciated with the neck and shoulders. The neck (and/or other
features, see below) as an extension of the face, can be also
used as an indicator to the orientation of the face and the body.
The one or more facial features may include two or more
features, and the initial orientation may be determined base
on relative positions of the features that are determined based
on the initial values. A shape Such as a triangle may be
generated for example between the two eyes and the center of
the mouth, a golden rectangle as described above, or more
generically, a polygon having points corresponding to pref
erably three or more features as vertices or axis.
Initial values of one or more chromatic parameters, such as
color and tone, of pixels of the digital image may be deter
mined. The values of one or more parameters may be auto
matically adjusted or an option to adjust the values to Sug
gested values may be provided.
Each of the methods provided are preferably implemented
within Software and/or firmware either in an imaging capture
device such as a digital still or video camera or with external
processing equipment. The software may also be downloaded
into the camera or image processing equipment. In this sense,
one or more processor readable storage devices having pro
cessor readable code embodied thereon are provided. The
processor readable code programs one or more processors to
perform any of the above or below described methods.

6
FIG. 1b illustrates a generic workflow of utilizing face
information in an image to adjust image acquisition param
eters in accordance with a preferred embodiment.
FIG. 1c illustrates a generic workflow of utilizing face
information in a single or a plurality of images to adjust the
image rendering parameters prior to outputting the image in
accordance with a preferred embodiment.
FIGS. 2a-2e illustrate image orientation based on orienta
tion of faces in accordance with one or more preferred
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0071908, 2003/0052991, 2003/0025812, 2002/0172419,
2002/0114535, 2002/0105662, and 2001/0031142:

Japanese patent application no.JP5260360A2;
British patent application no. GB0031423.7; and
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Yang et al., IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. 24, no. 1, pp. 34-58 (January
2002); and
Baluja & Rowley, “Neural Network-Based Face Detec
tion.” IEEE Transactions on Pattern Analysis and Machine
Intelligence, Vol. 20, No. 1, pages 23-28, January 1998.
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ILLUSTRATIVE DEFINITIONS

“Face Detection' involves the art of isolating and detecting
faces in a digital image; Face Detection includes a process of
determining whether a human face is present in an input
image, and may include or is preferably used in combination
with determining a position and/or other features, properties,
parameters or values of parameters of the face within the
input image:
“Image-enhancement' or “image correction involves the
art of modifying a digital image to improve its quality. Such
modifications may be 'global applied to the entire image, or
“selective' when applied differently to different portions of
the image. Some main categories non-exhaustively include:
(i) Contrast Normalization and Image Sharpening.
(ii) Image Crop, Zoom and Rotate.
(iii) Image Color Adjustment and Tone Scaling.
(iv) Exposure Adjustment and Digital Fill Flash applied to
a Digital Image.
(v) Brightness Adjustment with Color Space Matching:
and Auto-Gamma determination with Image Enhance
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ment.

(vi) Input/Output device characterizations to determine
Automatic/Batch Image Enhancements.
(vii) In-Camera Image Enhancement
(viii) Face Based Image Enhancement
Auto-focusing involves the ability to automatically
detect and bring a photographed object into the focus field;
“Fill Flash' involves a method of combining available
light, Such as Sun light with another light Source Such as a
camera flash unit in Such a manner that the objects close to the
camera, which may be in the shadow, will get additional
exposure using the flash unit.
A "pixel’ is a picture element or a basic unit of the com
position of a digital image or any of the Small discrete ele
ments that together constitute an image;
“Digitally-Captured Image' includes an image that is digi
tally located and held in a detector;
“Digitally-Acquired Image' includes an image that is digi
tally recorded in a permanent file and/or preserved in a more
or less permanent digital form, e.g., for later retrieval;
“Digitally-Detected Image': an image comprising digi
tally detected electromagnetic waves; and
“Digital Rendering Device': A digital device that renders
digital encoded information Such as pixels onto a different
device. Most common rendering techniques include the con
version of digital data into hard copy Such as printers, and in
particular laser printers, inkjet printers or thermal printers, or
Soft copy devices such as monitors, television, liquid crystal
display, LEDs, OLED, etc.
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments are described below including
methods and devices for providing or suggesting options for
automatic digital image enhancements based on information
relating to the location, position, focus, exposure or other
parameter or values of parameters of faces in an image. Such
parameters or values of parameter may include a spatial
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parameter. For example, an orientation of a face or faces
within an digital image may be used to adjust or suggest an
adjustment of an orientation of the entire image or of one or
more faces within the image. Color correction or enhance
ment may be automatically suggested or provided for digital
images based on color or tonal values of faces in the image.
Pleasing cropping of images may be suggested or provided
based on knowledge particularly of the location and/or size of
faces in the image.
A still image may be animated and used in a slide show by,
e.g., Zooming, panning and/or rotating where the centerpoint
of an image is within a face or at least the face is included in
all or substantially all of the images in the slide show. Selec
tive compression, or alternatively selective resolution, or
both, of images may be suggested or automatically provided
where one or more faces receive higher grade compression
and/or alternatively higher local resolution than other por
tions of the image. A fill flash may be automatically digitally
simulated or suggested, or actually applied to an object, upon
analysis of aluminance map of the image. A camera may also
be automatically focused prior to acquiring an image based
on knowledge regarding the faces in an image.
A preferred embodiment includes an image processing
application whether implemented in Software or in firmware,
as part of the image capture process, image rendering process,
or as part of post processing. This system receives images in
digital form, where the images can be translated into a grid
representation including multiple pixels. This application
detects and isolates the faces from the rest of the picture, and
determines sizes and locations of the faces relative to other

portions of the image or the entire image. Orientations of the
faces may also be determined. Based on information regard
ing detected faces, preferably separate modules of the system
collect facial data and perform image enhancement opera
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tions based on the collected facial data. Such enhancements

or corrections include automatic orientation of the image,
color correction and enhancement, digital fill flash simulation
and dynamic compression.
In another embodiment, the information regarding the
location and size of faces in an image assist in determining
correct auto focus distance and exposure in the camera. In a
separate embodiment, such information can be processed in
the camera as part of the post processing stage such that the
saved image is already automatically corrected, enhanced
and/or adjusted based on this information.
Advantages of the preferred embodiments include the abil
ity to automatically perform or Suggest or assistin performing
complex tasks that may otherwise call for manual interven
tion and/or experimenting. Another advantage is that impor
tant regions, e.g., faces, of an image may be assigned, marked
and/or mapped and then processing may be automatically
performed and/or suggested based on this information relat
ing to important regions of the images. Automatic assistance
may be provided to a photographer in the post processing
stage. Assistance may be provided to the photographer in
determining a focus and an exposure while taking a picture.
Meta-data may be generated in the camera that would allow
an image to be enhanced based on the face information.
Many advantageous techniques are provided in accordance
with preferred and alternative embodiments set forth herein.
For example, a method of processing a digital image using
face detection within said image to achieve one or more
desired image processing parameters is provided. A group of
pixels is identified that correspond to an image of a face
within the digital image. Default values are determined of one
or more parameters of at least some portion of said digital
image. Values of the one or more parameters are adjusted
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within the digitally-detected image based upon an analysis of
said digital image including said image of said face and said
default values.

The digital image may be digitally-acquired and/or may be
digitally-captured. Decisions for processing the digital image
based on said face detection, selecting one or more param
eters and/or for adjusting values of one or more parameters
within the digital image may be automatically, semi-auto
matically or manually performed. Similarly, on the other end
of the image processing workflow, the digital image may be
rendered from its binary display onto a print, or a electronic
display.
The one or more parameter may include orientation, color,
tone, size, luminance, relative exposure, relative spatial loca
tion, tone reproduction, sharpness or focus or combinations
thereof. The one or more parameters may include a mask that
defines one or more regions where the one or more parameters
are valid. The mask may include a continuous presentation of
varying strength within different Sub-regions of said one or
more regions. The one or more parameters may include the
same parameter differing in value based on said mask.
Two or more parameters may be concatenated into a single
parameter. The digital image may be transformed based on
values of the one or more parameters. An operation list may
be created for the digital image based on values of the one or
more parameters. The operation list may be embedded within
the digital image or may be external to the digital image.
Values of orientation may be adjusted Such that a rotation
value for the digital image is determined. Values of the color,
tone, size, luminance, relative exposure may be adjusted
including manipulating a color, tonal, size, luminance, fill
flash balance of the digital image, respectively. Values of
relative spatial location may be adjusted including adjusting a
spatial location of an image of a face relative to at least one
other region of the digital image. Values of focus may be
adjusted including adjusting values of focus for enhancing a
focus of the image of the face within the digital image.
One or more different degrees of simulated fill flash may be
created by manual, semi-automatic or automatic adjustment.
The analysis of the image of the face may include a compari
Son of an overall exposure to an exposure around the identi
fied face. The exposure may be calculated based on a histo
gram. Digitally simulation of a fill flash may include
optionally adjusting tone reproduction and/or locally adjust
ing sharpness. One or more objects estimated to be closer to
the camera or of higher importance may be operated on in the
simulated fill-flash. These objects determined to be closer to
the camera or of higher importance may include one or more
identified faces. A fill flash or an option for providing a
Suggested fill-flash may be automatically provided. The
method may be performed within a digital acquisition device,
a digital rendering device, or an external device or a combi
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The face pixels may be identified, a false indication of
another face within the image may be removed, and an indi
cation of a face may be added within the image, each manu
ally by a user, or semi-automatically or automatically using
image processing apparatus. The face pixels identifying may
be automatically performed by an image processing appara
tus, and a manual verification of a correct detection of at least

one face within the image may be provided.
A method of digital image processing using face detection
to achieve a desired image parameter is further provided
including identifying a group of pixels that correspond to an
image of a face within a digitally-detected image. Initial
values of one or more parameters of at least some of the pixels
are determined. An initial parameter of the digitally-detected

10
image is determined based on the initial values. Values of the
one or more parameters of pixels within the digitally-detected
image are automatically adjusted based upon a comparison of
the initial parameter with the desired parameter or an option
for adjusting the values is automatically provided.
The digitally-detected image may include a digitally-ac
quired, rendered and/or digitally-captured image. The initial
parameter of the digitally-detected image may include an
initial parameter of the face image. The one or more param
eters may include any of orientation, color, tone, size, lumi
nance, and focus. The method may be performed within a
digital camera as part of a pre-acquisition stage, within a
camera as part of post processing of the captured image or
within external processing equipment. The method may be
performed within a digital rendering device Such as a printer,
or as a preparation for sending an image to an output device,
such as in the print driver, which may be located in the printer
or on an external device Such as the PC, as part of a prepara
tion stage prior to displaying or printing the image. An option
to manually remove a false indication of a face or to add an
indication of a face within the image may be included. An
option to manually override, the automated Suggestion of the
system, whether or not faces were detected, may be included.
The method may include identifying one or more Sub
groups of pixels that correspond to one or more facial features
of the face. Initial values of one or more parameters of pixels
of the one or more Sub-groups of pixels may be determined.
An initial spatial parameter of the face within the digital
image may be determined based on the initial values. The
initial spatial parameter may include any of orientation, size
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When the spatial parameter is orientation, values of one or
more parameters of pixels may be adjusted for re-orienting
the image to an adjusted orientation. The one or more facial
features may include one or more of an eye, a mouth, two
eyes, a nose, an ear, neck, shoulders and/or other facial or
personal features, or other features associated with a person
Such as an article of clothing, furniture, transportation, out
door environment (e.g., horizon, trees, water, etc.) or indoor
environment (doorways, hallways, ceilings, floors, walls,
etc.), wherein Such features may be indicative of an orienta
tion. The one or more facial or other features may include two
or more features, and the initial orientation may be deter
mined base on relative positions of the features that are deter
mined based on the initial values. A shape Such as a triangle
may be generated for example between the two eyes and the
center of the mouth, a golden rectangle as described above, or
more generically, a polygon having points corresponding to
preferably three or more features as vertices or axis.
Initial values of one or more chromatic parameters, such as
color and tone, of pixels of the digital image may be deter
mined. The values of one or more parameters may be auto
matically adjusted or an option to adjust the values to Sug
gested values may be provided.
Within a digital acquisition device, a method of perfecting
acquisition parameters of a digital image as part of an image
capture process using face detection within said captured
image to achieve one or more desired image acquisition
parameters is provided. Default values are determined of one
or more image attributes of at least Some portion of the digital
image. Values of one or more camera acquisition parameters
are determined. Groups of pixels are identified that corre
spond to an image of a face within the digitally-captured
image. Corresponding image attributes to the groups of pixels
are determined. One or more default image attribute values
are compared with one or more captured image attribute
values based upon analysis of the image of the face. Camera
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acquisition parameters are then adjusted corresponding to
adjusting the image attribute values.
The method may be performed within any digital image
capture device, which as, but not limited to digital still camera
or digital video camera. The one or more parameters may
include overall exposure, relative exposure, orientation, color
balance, white point, tone reproduction, size, or focus, or
combinations thereof. The face pixels identifying may be
automatically performed by an image processing apparatus,
and the method may include manually removing one or more
of the groups of pixels that correspond to an image of a face.
An automatically detected face may be removed in response
to false detection of regions as faces, or in response to a
determination to concentrate on less image faces or images
faces that were manually determined to be of higher subjec
tive significance, than faces identified in the identifying step.
A face may be removed by increasing a sensitivity level of
said face identifying step. The face removal may be per
formed by an interactive visual method, and may use an
image acquisition built-in display.
The face pixels identifying may be performed with an
image processing apparatus, and may include manually add
ing an indication of another face within the image. The image
processing apparatus may receive a relative value as to a
detection assurance or an estimated importance of the
detected regions. The relative value may be manually modi
fied as to the estimated importance of the detected regions.
Within a digital camera, a method of digital image process
ing using face detection for achieving a desired image param
eter is further provided. A group of pixels is identified that
correspond to a face within a digital image. First initial values
of a parameter of pixels of the group of pixels are determined,
and second initial values of a parameter of pixels other than
pixels of the group of pixels are also determined. The first and
second initial values are compared. Adjusted values of the
parameter are determined based on the comparing of the first
and second initial values and on a comparison of the param
eter corresponding to at least one of the first and second initial
values and the desired image parameter.
Initial values of luminance of pixels of the group of pixels
corresponding to the face may be determined. Other initial
values of luminance of pixels other than the pixels corre
sponding to the face may also be determined. The values may
then be compared, and properties of aperture, shutter, sensi
tivity and a fill flash may be determined for providing
adjusted values corresponding to at least Some of the initial
values for generating an adjusted digital image. The pixels
corresponding to the face may be determined according to
Sub-groups corresponding to one or more facial features.
Within a digital acquisition device with an adjustable opti
cal system having an auto focusing mechanism, a method of
perfecting the autofocus mechanism of the adjustable optical
system as part of an image capture process using face detec
tion in the image capture process to achieve one or more
desired image acquisition parameters is provided. Groups of
pixels are identified that correspond to an image of a face
within a digitally-captured image. Corresponding image
attributes to the groups of pixels are determined. Auto focus is
perfected by performing the autofocus on the plural groups of
pixels that correspond to the image of the face.
The auto focus may be initially performed on the entire
image the method for auto-focusing the lens and the auto
matic adjusting automatically adjusting one or more proper
ties of the adjustable optical system. A user may manually
activate the camera to perform the perfecting of the auto
focus. The face pixels identifying may be automatically per
formed by an image processing apparatus, and one or more of
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the groups of pixels detected as faces may be manually
removed in response to false detection of one or more regions
as one or more faces, or in response to a determination to
concentrate on less image faces than faces identified in the
identifying step. The faces may be removed by increasing a
sensitivity level of the face identifying step and/or by an
interactive visual method. An image acquisition built-in dis
play may be used. A weighted average on individual objects
of the groups may be used in the auto-focus process. The face
identifying step may be automatically performed by an image
processing apparatus which receives a relative value as to
detection assurance. In this case, a weighted average may be
calculated based on the relative values as to the detection
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assurance. The face pixels identifying may be automatically
performed by an image processing apparatus which receives
a relative value as to an estimated importance of the detected
regions. In this case. A weighted average may be calculated
based on the relative values as to the estimated detection

25

30

35

40

45

50

55

60

65

assurance. The estimated importance of the detected regions
of faces may involve an analysis of a parameter Such as size of
the faces, location of the faces within the captured image, or
relative exposure of the faces, or combinations thereof.
Within a digital camera having a lens system, a method of
adjusting the capture parameters of a digitally-detected image
based on detection of faces within the image to achieve a
desired image parameter is also provided. The method may be
used for auto-focusing the lens as part of the acquisition
process. One or more parameters of pixels of the face image
are determined. Values of the one or more parameters of the
pixels may be automatically adjusted based upon a compari
son of the initial parameter with the desired parameter. For
example, one or more properties of the lens system may be
automatically adjusted based on the values to adjust the focus,
an indication to the region of focus or an adjustment option
may be provided. The one or more parameters may include a
spatial parameter Such as a size and/or a location of the face in
the image.
Within a digital acquisition device with a built in flash unit,
a method of perfecting the exposure of an acquired digital
image using face detection in the acquired image is provided.
Groups of pixels that correspond to plural images of faces are
identified within a digitally acquired image, and correspond
ing image attributes to the group of pixels are determined. An
analysis is performed of the corresponding attributes of the
groups of pixels. It is then determined to activate the built-in
flash unit based on the analysis. An intensity of the built-in
flash unit is determined based on the analysis.
An initial step of calculating image attributes may be per
formed on an entire acquired digital image and image
attributes may be compared to the image attributes of the
group of pixels. The image attributes may include exposure.
The exposure may be calculated as a function of one or more
parameters including aperture, speed, gain, or relative sensi
tivity, or combinations thereof. The groups of pixels of faces
may be given a certain weight based on weight criteria. The
weight criteria may be calculated based on a distance of the
groups of pixels to the camera. The weight criteria may be
calculated based on relative sizes of the groups of pixels.
A pre-flash may be performed based on the calculated flash
intensity to determine whether the analysis is accurate. A
second analysis may be performed based on the pre-flash.
One or more different degrees of simulated fill flash may be
created by manual, semi-automatic or automatic adjustment.
The analysis of the image of the face may include a compari
Son of an overall exposure to an exposure around the identi
fied face. The exposure may be calculated based on a histo
gram. Digitally simulation of a fill flash may include
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optionally adjusting tone reproduction and/or locally adjust
ing sharpness. One or more objects estimated to be closer to
the camera or of higher importance may be operated on in the
simulated fill-flash. These objects determined to be closer to
the camera or of higher importance may include one or more
identified faces. A fill flash or an option for providing a
Suggested fill-flash may be automatically provided.
Within a digital camera, a further method of digital image
processing using face detection for achieving a desired image
parameter is provided. A group of pixels is identified that
correspond to a face within a digital image. First initial values
are determined of a parameter of pixels of the group of pixels.
Second initial values of a parameter are determined of pixels
other than pixels of the group of pixels. The first and second
initial values are compared. Adjusted values of the parameter
are determined based on the comparing of the first and second
initial values and on a comparison of the parameter corre
sponding to at least one of the first and second initial values
and the desired image parameter.
The parameter may include luminance, and the method
may further include automatically generating the adjusted
digital image using the adjusted values. The method may also
further include automatically providing an option to generate
the adjusted digital image using the adjusted values. The
adjusted values of the luminance may be provided by a fill
flash, or by a digitally-simulated fill flash.
Within a digital camera, a further method of digital image
processing using face detection to achieve a desired lumi
nance contrast is provided. A group of pixels is identified that
correspond to a face within a digital image. First initial values
of luminance of pixels of the group of pixels are determined.
Second initial values of luminance of pixels other than pixels
of the group of pixels are also determined. The first and
second initial values are compared to determine an initial
luminance contrast. Properties of a fill flash are determined
for providing adjusted values of luminance for at least some
of the pixels of the digital image based on a comparison of the
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and/or color balance. Such tool may compensate for the dis
parity between the input or digitally acquired image and the
output device. Such discrepancies may arise due to a mis
matching of color gamut, the physical characteristic of the
display, reflective or self luminance the limited contrast, the
effect of the Surrounding environment, etc.
A method of generating one or more new digital images
using an original digitally-acquired image including a face is
further provided. A group of pixels that correspond to a face
within the original digitally-acquired image is identified. A
portion of the original image is selected to include the group
of pixels. Values of pixels of one or more new images based on
the selected portion are automatically generated, or an option
to generate them is provided, in a manner which always
includes the face within the one or more new images.
A transformation may be gradually displayed between the
original digitally-acquired image and one or more new
images. Parameters of said transformation may be adjusted
between the original digitally-acquired image and one or
more new images. Parameters of the transformation between
the original digitally-acquired image and one or more new
images may be selected from a set of at least one or more
criteria including timing or blending or a combination
thereof. The blending may include dissolving, flying, Swirl
ing, appearing, flashing, or screening, or combinations
thereof.

Methods of generating slide shows that use an image
including a face are provided in accordance with the genera
tion of one or more new images. A group of pixels is identified
30 that correspond to a face within a digitally-acquired image. A
Zoom portion of the image including the group of pixels may
be determined. The image may be automatically Zoomed to
generate a Zoomed image including the face enlarged by the
Zooming, or an option to generate the Zoomed image may be
35 provided. A center point of Zooming in or out and an amount
of Zooming in or out may be determined after which another
image may be automatically generated including a Zoomed
initial luminance contrast and the desired luminance contrast.
version of the face, or an option to generate the image includ
Within a digital rendering device, a further method of digi ing the Zoomed version of the face may be provided. One or
tal image processing using face detection for achieving a 40 more new images may be generated each including a new
desired image rendering parameters is provided. A group of group of pixels corresponding to the face, automatic panning
pixels is identified that correspond to a face within a digital may be provided using the one or more new images.
A method of generating one or more new digital images
image. First initial values are determined of a parameter of
pixels of the group of pixels. Second initial values of a param using an original digitally-acquired image including a face is
eter are determined of pixels other than pixels of the group of 45 further provided. One or more groups of pixels may be iden
pixels. The first and second initial values are compared. tified that correspond to two or more faces within the original
Adjusted values of the parameter are determined based on the digitally-acquired image. A portion of the original image may
comparing of the first and second initial values and on a be selected to include the group of pixels. Values of pixels
comparison of the rendering parameter corresponding to at may be automatically generated of one or more new images
least one of the first and second initial values and the desired 50 based on the selected portion in a manner which always
image rendering parameter.
includes at least one of the two or more faces within the one
The parameter may include luminance, and the method or more new images or a panning intermediate image between
may further include automatically generating the adjusted two of the faces of said two or more identified faces or a
digital image using the adjusted values. The method may also combination thereof.
further include automatically providing an option to generate 55 Panning may be performed between the two or more iden
the adjusted digital image using the adjusted values. The tified faces. The panning may be from a first face to a second
adjusted values of the luminance may be provided by chang face of the two or more identified faces, and the second face
ing the ink coverage, the display luminance values, etc.
may then be Zoomed. The first face may be de-Zoomed prior
Within a digital rendering device, a further method of digi to panning to the second face. The second face may also be
tal image processing using face detection to achieve a desired 60 Zoomed. The panning may include identifying a panning
contrast and color balance is provided. A group of pixels is direction parameter between two of the identified faces. The
identified that correspond to a face within a digital image. panning may include sequencing along the identified panning
First initial values of contrast and/or color balance of pixels of direction between the two identified faces according to the
the group of pixels are determined. Second initial values of identified panning direction parameter.
contrast and/or color balance of pixels other than pixels of the 65 A method of digital image processing using face detection
group of pixels are also determined. The first and second for achieving a desired spatial parameter is further provided
initial values are compared to determine an initial contrast including identifying a group of pixels that correspond to a

US 7,574,016 B2
15
face within a digital image, identifying one or more Sub
groups of pixels that correspond to one or more facial features
of the face, determining initial values of one or more param
eters of pixels of the one or more Sub-groups of pixels, deter
mining an initial spatial parameter of the face within the
digital image based on the initial values, and determining
adjusted values of pixels within the digital image for adjust
ing the image based on a comparison of the initial and desired
spatial parameters.
The initial spatial parameter may include orientation. The
values of the pixels may be automatically adjusted within the
digital image to adjust the initial spatial parameter approxi
mately to the desired spatial parameter. An option may be
automatically provided for adjusting the values of the pixels
within the digital image to adjust the initial spatial parameter
to the desired spatial parameter.
A method of digital image processing using face detection
to achieve a desired orientation is also provided including
identifying one or more groups of pixels that correspond to a
face within a digital image, identifying one or more Sub
groups of pixels that correspond to one or more facial features
of the face, determining initial values of one or more param
eters of pixels of the one or more Sub-groups of pixels, deter
mining an initial orientation of the face within the digital
image based on the initial values, and determining adjusted
values of pixels within the digital image for adjusting the

16
mined. The values of one or more parameters may be auto
matically adjusted or an option to adjust the values to Sug
gested values may be provided.
A method of digital image processing using face detection
is also provided wherein a first group of pixels that corre
spond to a face within a digital image is identified, and a
second group of pixels that correspond to another feature
within the digital image is identified. A re-compositioned
image is determined including a new group of pixels for at
10

15
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orientation to the desired orientation.

Determining which of the Sub-group of pixels belong to
which of the group of face pixels may be performed. The
determining of the initial values of one or more parameters of
pixels may be calculated based on the spatial orientation of
the one or more sub-groups that correspond to one or more
facial features. The spatial orientation of the one or more
Sub-groups that correspond to one or more facial features may
be calculated based on an axis of an ellipse fit to the sub
group. The adjusted values of pixels within the digital image
may be rounded to a closest multiple of 90 degrees. The initial
values may be adjusted to adjusted values for re-orienting the
image to an adjusted orientation. The one or more facial
features may include an eye, two eyes, two eyes and a mouth,
an eye, a mouth, hairline, ears, nostrils, nose bridge, eyebrows
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neck as an extension of the face, or a nose, or combinations
thereof, or otherwise as described above.

The method may include identifying one or more Sub
groups of pixels that correspond to one or more facial features
of the face. Initial values of one or more parameters of pixels
of the one or more Sub-groups of pixels may be determined.
An initial spatial parameter of the face within the digital
image may be determined based on the initial values. The
initial spatial parameter may include any of orientation, size

45
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and location.

When the spatial parameter is orientation, values of one or
more parameters of pixels may be adjusted for re-orienting
the image to an adjusted orientation. The one or more facial
features may include one or more of an eye, a mouth, two
eyes, a nose, an ear, and other facial features including the
neck as the physical extension of the face. The one or more
facial features may include two or more features, and the
initial orientation may be determined base on relative posi
tions of the features that are determined based on the initial

55

Initial values of one or more chromatic parameters, such as
color and tone, of pixels of the digital image may be deter

within software and/or firmware either in the camera, the

rendering device Such as printers or display, or with external
processing equipment. The software may also be downloaded
into the camera or image processing equipment. In this sense,
one or more processor readable storage devices having pro
cessor readable code embodied thereon are provided. The
processor readable code programs one or more processors to
perform any of the above or below described methods.
FIG. 1a illustrates a preferred embodiment. An image is
opened by the application in block 102. The software then
determines whether faces are in the picture as described in
block 106. If no faces are detected, the software ceases to

60

values. A shape Such as a triangle may be generated for
example between the two eyes and the center of the mouth, a
golden rectangle as described above, or more generically, a
polygon having points corresponding to preferably three or
more features as vertices or axis.

least one of the face and the other feature. The other feature

may include a second face. The re-composited image may be
automatically generated oran option to generate the re-com
positioned image may be provided. Values of one or more
parameters of the first and second groups of pixels, and rela
tive-adjusted values, may be determined for generating the
re-compositioned image.
A method of compression of an image including a face is
also provided also including identifying a group of pixels that
correspond to a face within a digitally-acquired image. A first
compression portion of the image including the group of
pixels is determined. A second compression portion of the
image other than the group of pixels is also determined. The
first compression portion may be automatically compressed
with higher-grade compression than the second compression
portion to generate a compressed image including the face, or
an option to provided the compressed image including the
different grade compressions may be provided.
A method of determining the necessary resolution of an
image including a face is also provided also including iden
tifying a group of pixels that correspond to a face within a
digitally-acquired image. A first resolution portion of the
image including the group of pixels is determined. A second
resolution portion of the image other than the group of pixels
is also determined. The first resolution portion may be auto
matically compressed with higher-resolution than the second
resolution portion to generate a rendered image including the
face, or an option to provided the compressed image includ
ing the different grade resolution may be provided. Such
method may be used to save on rendering time or consum
ables. For example, such method may determine using more
ink on the more important regions of an image, and less ink on
regions of less importance, this saving on the overall ink
consumption when printing an image.
Each of the methods provided are preferably implemented

operate on the image and exits, 110.
Alternatively, the Software may also offer a manual mode,
where the user, in block 116 may inform the software of the
existence of faces, and manually marks them in block 118.
The manual selection may be activated automatically if no
faces are found, 116, or it may even be optionally activated
after the automatic stage to let the user, via Some user inter
face to either add more faces to the automatic selection 112 or

65

even 114, remove regions that are mistakenly 110 identified
by the automatic process 118 as faces. Additionally, the user
may manually select an option that invokes the process as
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defined in 106. This option is useful for cases where the user
may manually decide that the image can be enhanced or
corrected based on the detection of the faces. Various ways
that the faces may be marked, whether automatically of
manually, whether in the camera or by the applications, and
whether the command to seek the faces in the image is done
manually or automatically, are all included in preferred

5

known to the one skilled in the art and is based on a tradeoff

between aperture, exposure time, gain and flash power.

embodiments herein.

This tool is further described in FIG. 4e. Block 180

In an alternative embodiment, the face detection software

may be activated inside the camera as part of the acquisition
process, as described in Block 104. This embodiment is fur
ther depicted in FIG. 1b. In this scenario, the face detection
portion 106 may be implemented differently to support real
time or near real time operation. Such implementation may
include Sub-sampling of the image, and weighted Sampling to
reduce the number of pixels on which the computations are
performed.

10

Referring to FIG. 1b, which describes a process of using
face detection to improve in camera acquisition parameters,
15

Sure, contrast, orientation etc.
25
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automatic color transformations that occur in the camera

when converting the image from the RAW sensor data form
onto a known, e.g. RGB representation, or later in the host, as
part of an image enhancement Software. The various image
enhancement operations may be global, affecting the entire
image. Such as rotation, and/or may be selective based on
local criteria. For example, in a selective color or exposure
correction as defined in block 140, a preferred embodiment
includes corrections done to the entire image, or only to the
face regions in a spatially masked operation, or to specific
exposure, which is a luminance masked operation. Note also
that such masks may include varying strength, which corre
lates to varying degrees of applying a correction. This allows
a local enhancement to better blend into the image.
Block 150 describes the proposed composition such as
cropping and Zooming of an image to create a more pleasing
composition. This tool. 150 is different from the one

45

the face location.
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Block 160 describes the digital-fill-flash simulation which
can be done in the camera or as a post processing stage. This
tool is further described in FIGS. 4a-4e.

Alternatively to the digital fill flash, this tool may also be an
actual flash sensor to determine if a fill flash is needed in the

overall exposure as described in Block 170. In this case, after

An image-detection process, preferably a face detection
process, is applied to the captured image to seek faces in the
image, 1020. If no images are found, the process terminates,
1032. Alternatively, or in addition to the automatic detection
of 1030, the user can manually select, 1034 detected faces,
using some interactive user interface mechanism, by utiliz
ing, for example, a camera display. Alternatively, the process
can be implemented without a visual user interface by chang
ing the sensitivity or threshold of the detection process.
When faces are detected, 1040, they are marked, and
labeled. Detecting defined in 1040 may be more thana binary
process of selecting whether a face is detected or not. It may
also be designed as part of a process where each of the faces
is given a weight based on size of the faces, location within the
frame, other parameters described herein, etc., which define
the importance of the face in relation to other faces detected.
Alternatively, or in addition, the user can manually deselect
regions, 1044 that were wrongly false detected as faces. Such
selection can be due to the fact that a face was false detected

described in block 120 where the faces are anchors for either

tracking the Subject or providing camera movement based on

An image is then digitally captured onto the sensor, 1010.
Such action may be continuously updated, and may or may
not include Saving such captured image into permanent Stor
age.

further described in FIGS. 2a-2e.

Block 140 describes the way to color-correct the image
based on the skintones of the faces. This tool can be part of the

as aforementioned in FIG. 1a, block 106. In this scenario, a

camera is activated, 1000, for example by means of half
pressing the shutter, turning on the camera, etc. The camera
then goes through the normal pre-acquisition stage to deter
mine, 1004, the correct acquisition parameters such as aper
ture, shutter speed, flash power, gain, color balance, white
point, or focus. In addition, a default set of image attributes,
particularly related to potential faces in the image, are loaded,
1002. Such attributes can be the overall color balance, expo

tool is further described in FIG. 6.

Block 130 depicts the automatic orientation of the image, a
tool that can be implemented either in the camera as art of the
acquisition post processing, or on a host software. This tool is

describes the ability of the camera to focus on the faces. This
can be used as a pre-acquisition focusing tool in the camera,
as further illustrated in FIG. 7.

In an alternative embodiment, the face detection software

may be activated inside the rendering device as part of the
output process, as described in Block 103. This embodiment
is further depicted in FIG. 1c In this scenario, the face detec
tion portion 106 may be implemented either within the ren
dering device, or within a en external driver to such device.
After the faces are tagged, or marked, whether manually as
defined in 106, or automatically, 118, the software is ready to
operate on the image based on the information generated by
the face-detection stage. The tools can be implemented as part
of the acquisition, as part of the post-processing, or both.
Block 120 describes panning and Zooming into the faces.
This tool can be part of the acquisition process to help track
the faces and create a pleasant composition, or as a post
processing stage for either cropping an image or creating a
slide show with the image, which includes movement. This

18
determining the overall exposure of the image, if the detected
faces in the image are in the shadow, a fill flash will automati
cally be used. Note that the exact power of the fill flash, which
should not necessarily be the maximum power of the flash,
may be calculated based on the exposure difference between
the overall image and the faces. Such calculation is well
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or when the photographer may wish to concentrate on one of
the faces as the main Subject matter and not on other faces.
Alternatively, 1046, the user may re-select, or emphasize one
or more faces to indicate that these faces have a higher impor
tance in the calculation relative to other faces. This process as
defined in 1046, further defines the preferred identification
process to be a continuous value one as opposed to a binary
one. The process can be done utilizing a visual user interface
or by adjusting the sensitivity of the detection process. After
the faces are correctly isolated, 1040, their attributes are com
pared, 1050 to default values that were predefined in 1002.
Such comparison will determine a potential transformation
between the two images, in order to reach the same values.
The transformation is then translated to the camera capture
parameters, 1070, and the image, 1090 is acquired.
A practical example is that if the captured face is too dark,
the acquisition parameters may change to allow a longer
exposure, or open the aperture. Note that the image attributes
are not necessarily only related to the face regions but can also
be in relations to the overall exposure. As an exemplification,
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if the overall exposure is correct but the faces are underex
posed, the camera may shift into a fill-flash mode as Subse
quently illustrated in FIG. 4a-4f.
Referring to FIG. 1c, which describes a process of using
face detection to improve output or rendering parameters, as
aforementioned in FIG. 1a, block 103. In this scenario, a

rendering device Such as a printer or a display, herein referred
to as the Device, activated, 1100. Such activation can be

performed for example within a printer, or alternatively
within a device connected to the printer such as a PC or a
camera. The device then goes through the normal pre-render
ing stage to determine, 1104, the correct rendering param
eters such astone reproduction, color transformation profiles,
gain, color balance, white point and resolution. In addition, a
default set of image attributes, particularly related to potential
faces in the image, are loaded, 1102. Such attributes can be
the overall color balance, exposure, contrast, orientation etc.
An image is then digitally downloaded onto the device, 1110.
An image-detection process, preferably a face detection pro
cess, is applied to the downloaded image to seek faces in the
image, 1120. If no images are found, the process terminates,
1132 and the device resumes its normal rendering process.
Alternatively, or in addition to the automatic detection of
1130, the user can manually select, 1134 detected faces, using
Some interactive user interface mechanism, by utilizing, for
example, a display on the device. Alternatively, the process
can be implemented without a visual user interface by chang
ing the sensitivity or threshold of the detection process. When
faces are detected, 1040, they are marked, and labeled.
Detecting defined in 1140 may be more than a binary process
of selecting whether a face is detected or not. It may also be
designed as part of a process where each of the faces is given
a weight based on size of the faces, location within the frame,
other parameters described herein, etc., which define the
importance of the face in relation to other faces detected.
Alternatively, or in addition, the user can manually deselect
regions, 1144 that were wrongly false detected as faces. Such
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clockwise.
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rotation of the face relative to a facial shot. Note that there are

labeled and used for orientation detection, such as the nos
30

35
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trils, the eyebrows, the hairline, nose bridge and the neck as
the physical extension of the face etc. In this figure, the eyes
and lips are provided as an example of such facial features
Based on the location of the eyes if found, and the mouth, the
image may, e.g., need to be rotated in a counter clockwise
direction.

Note that it may not be enough to just locate the different
facial features, but it may be necessary to compare Such
features to each other. For example, the color of the eyes may
be compared to ensure that the pair of eyes originate form the
same person. Another example is that in FIGS. 2-cand 2-d, if
the software combined the mouth of 218 with the eyes of 226,
224, the orientation would have been determined as clock
wise. In this case, the software detects the correctorientation
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thumbnail or contact sheet whish is a collection of low reso

lution images, on a single display instance.
A practical example is that if the face was too dark cap
tured, the rendering parameters may change the tone repro
duction curve to lighten the face. Note that the image
attributes are not necessarily only related to the face regions
but can also be in relations to the overall tone reproduction.
Referring to FIGS. 2a-2e, which describe the invention of
automatic rotation of the image based on the location and
orientation of faces, as highlighted in FIG. 1 Block 130. An

FIG.2c describes the step of extracting the pertinent fea
tures of a face, which are usually highly detectable. Such
objects may include the eyes, 214, 216 and 224, 226, and the
lips, 218 and 228. The combination of the two eyes and the
center of the lips creates a triangle 230 which can be detected
not only to determine the orientation of the face but also the
other highly detectable portions of the image which can be

selection can be due to the fact that a face was false detected

or when the photographer may wish to concentrate on one of
the faces as the main Subject matter and not on other faces.
Alternatively, 1146, the user may re-select, or empahsize one
or more faces to indicate that these faces have a higher impor
tance in the calculation relative to other faces. This process as
defined in 1146, further defines the preferred identification
process to be a continuous value one as opposed to a binary
one. The process can be done utilizing a visual user interface
or by adjusting the sensitivity of the detection process. After
the faces are correctly isolated, 1140, their attributes are com
pared, 1150 to default values that were predefined in 1102.
Such comparison will determine a potential transformation
between the two images, in order to reach the same values.
The transformation is then translated to the device rendering
parameters, 1170, and the image, 1190 is rendered. The pro
cess may include a plurality of images. In this case 1180, the
process repeats itself for each image prior to performing the
rendering process. A practical example is the creation of a
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image of two faces is provided in FIG.2a. Note that the faces
may not be identically oriented, and that the faces may be
occluding.
The Software in the face detection stage, including the
functionality of FIG. 1a, blocks 108 and 118, will mark the
two faces, of the mother and son as an estimation of an ellipse
210 and 220 respectively. Using known mathematical means,
such as the covariance matrix of the ellipse, the software will
determine the main axis of the two faces, 212 and 222 respec
tively as well as the secondary axis 214 and 224. Even at this
stage, by merely comparing the sizes of the axis, the Software
may assume that the image is oriented 90 degrees, in the case
that the camera hel helo in landscape mode, which is hori
Zontal, or in portrait mode which is vertical or +90 degrees,
aka clockwise, or -90 degrees aka counter clockwise. Alter
natively, the application may also be utilized for any arbitrary
rotation value. However this information may not suffice to
decide whether the image is rotated clockwise or counter

60

by comparing the relative size of the mouth and the eyes. The
above method describes means of determining the orientation
of the image based on the relative location of the different
facial objects. For example, it may be desired that the two
eyes should be horizontally situated, the nose line perpen
dicular to the eyes, the mouth under the nose etc. Alterna
tively, orientation may be determined based on the geometry
of the facial components themselves. For example, it may be
desired that the eyes are elongated horizontally, which means
that when fitting an ellipse on the eye, such as described in
blocs 214 and 216, it may be desired that the main axis should
be horizontal. Similar with the lips which when fitted to an
ellipse the main axis should be horizontal. Alternatively, the
region around the face may also be considered. In particular,
the neck and shoulders which are the only contiguous skin
tone connected to the head can be an indication of the orien
tation and detection of the face.

FIG.2-e illustrates the image as correctly oriented based on
the facial features as detected. In some cases not all faces will

be oriented the same way. In Such cases, the Software may
decide on other criteria to determine the orientation of the
65

prominent face in the image. Such determination of promi
nence can be based on the relevant size of the faces, the

exposure, or occlusion.
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If a few criteria are tested, such as the relationship between
different facial components and or the orientation of indi
vidual components, not all results will be conclusive to a
single orientation. This can be due to false detections, mis
calculations, occluding portions of faces, including the neck
and shoulders, or the variability between faces. In Such cases,
a statistical decision may be implemented to address the
different results and to determine the most likely orientation.
Such statistical process may be finding the largest results
(simple count), or more Sophisticated ordering statistics Such
as correlation or principal component analysis, where the
basis function will be the orientation angle. Alternatively or in
addition, the user may manually select the prominent face or
the face to be oriented. The particular orientation of the
selected or calculated prominent face may itselfbe automati
cally determined, programmed, or manually determined by a

5

select one of them.
10

15

USC.

The process for determining the orientation of images can
be implemented in a preferred embodiment as part of a digital
display device. Alternatively, this process can be imple
mented as part of a digital printing device, or within a digital
acquisition device.
The process can also be implemented as part of a display of
multiple images on the same page or screen Such as in the
display of a contact-sheet or a thumbnail view of images. In
this case, the user may approve or reject the proposed orien
tation of the images individually or by selecting multiple
images at once. In the case of a sequence of images, this
invention may also determine the orientation of images based
on the information as approved by the user regarding previous
images.
FIGS. 3a-3f describe an illustrative process in which a
proposed composition is offered based on the location of the

such as lines 352 and 354. A user interface such will enable

mode.

In additional embodiments, the actual lines of aesthetics,

for example the /3" lines 350 and 350, may also be displayed
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image horizontally and at the top quarter vertically as illus

Based on common rules of composition and aesthetics,
e.g., a face in a close up may be considered to be better
positioned, as in FIG. 3-e if the eyes are at the 2/3rd line as
depicted in 350, and /3 to the left or /3 to the right as illus
trated in 360. Other similar rules may be the location of the
entire face and the location of various portions of the face
Such as the eyes and lips based on aesthetic criteria Such as the
applying the golden-ratio for faces and various parts of the
face within an image.
FIG.3c introduces another aspect of face detection which
may happen especially in non-restrictive photography. The
faces may not necessarily be frontally aligned with the focal
plane of the camera. In this figure, the object is looking to the
side exposing partial frontal, or partial profile of the face. In
Such cases, the Software may elect to use, the center of the
face, which in this case may align with the left eye of the
subject. If the subject was in full frontal position, the software
may determine the center of the face to be around the nose
bridge. The center of the face may be determined to be at the
center of a rectangle, ellipse or other shape generally deter
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the foreground are therefore in the shadow.
A certain embodiment of calculating the overall exposure
can be done using an exposure histogram. Those familiar in
the art may decide on other means of determining exposure,
any of which may be used in accordance with an alternative
embodiment. When looking at the histogram of the lumi
nance of the image at FIG. 4-b, there are three distinct areas of
exposure which correspond to various areas. The histogram
depicts the concentration of pixels, as defined by the Y-Axis
416, as a function of the different gray levels as defined by the
X-axis 418. The higher the pixel count for a specific gray
level, the higher the number as depicted on the y-axis.
Regions 410 are in the shadows which belong primarily to the
mother. The midtones in area 412 belong primarily to the
shaded foreground water and the baby. The highlights 414 are
the water. However, not all shadows may be in the foreground,
and not all highlights may be in the background. A correction
of the exposure based on the histogram may result in an
unnatural correction.

When applying face detection, as depicted in FIG. 4-c, the
histogram in FIG. 4-d may be substantially more clear. In this
histogram, region 440 depicts the faces which are in the
60

mined to outline the face or at the intersection of cross-hairs

or otherwise as may be understood by those skilled in the art
(see, e.g., ellipse 210 of FIGS. 2b-2e, ellipse 320 of FIG.3b,
ellipse 330 of FIG. 3c, the cross-hairs 350, 360 of FIG.3e).
Based on the knowledge of the face and its pertinent fea
tures such as eyes, lips nose and ears, the Software can either
automatically or via a user interface that would recommend

to the use as assistance in determining the right composition.
Referring to FIGS. 4a-4f the knowledge of the faces may
assist the user in creating an automatic effect that is otherwise
created by a fill-flash. Fill-flash is a flash used where the main
illumination is available light. In this case, the flash assists in
opening up shadows in the image. Particularly, fill flash is
used for images where the object in the foreground is in the
shadow. Such instances occur for example when the sun is in
front of the camera, thus casting a shadow on the object in the
foreground. In many cases the object includes people posing
in front of a background of landscape.
FIG. 4a illustrates such image. The overall image is bright
due to the reflection of the sun in the water. The individuals in

then calculated based on the horizontal, 330 and vertical 340
location. In this case, the face is located at the center of the
trated in FIG. 3-d.

In an alternative embodiment, the process of re-composi
tioning the image can be performed within the image acqui
sition device as part of the image taking process, whether as a
pre-capture, pre-acquisition or post acquisition stage. In this
scenario the acquisition device may display a proposed re
compositioning of the image on its display. Such re-compo
sitioning may be displayed in the device viewfinder or display
similarly to FIG.3f, or alternatively as guidelines of cropping
the user to select form the original composed image, or the
Suggested one. Similar functionality can be offered as part of
the post acquisition or otherwise referred to the playback

face. As defined in FIG. 1a blocks 108 and 118, the face 320

is detected as are one or more pertinent features, as illustrated
in this case, the eyes 322 and 324. The location of the eyes are
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the next action to the user, crop portions of the image to reach
Such composition. For this specific image, the Software will
eliminate the bottom region 370 and the right portion 380.
The process of re-compositioning a picture is Subjective. In
Such case this invention will act as guidance or assistance to
the user in determining the most pleasing option out of poten
tially a few. In such a case a plurality of proposed composi
tions can be displayed and offered to the user and the user will

65

shadow. Note that the actual selection of the faces, as illus

trated in 4-c need not be a binary mask but can be a gray scale
mask where the boundaries are feathered or gradually chang
ing. In addition, although somewhat similar in shape, the face
region 440 may not be identical to the shadow region of the
entire image, as defined, e.g., in FIG. 4b at area 410. By
applying exposure correction to the face regions as illustrated
in FIG. 4-e, Such as passing the image through a lookup table
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between the beginning and the end state. In the case where
more than one face is found, the Software can also create a pan
and Zoom combination that will begin at one face and end at
the other. In a more generic manner, the application can offer

23
4f the effect is similar to the one of a fill flash that illumi
nated the foreground, but did not affect the background. By
taking advantage of the gradual feathered mask around the
face. Such correction will not be accentuated and noticed.

FIG. 4e can also be performed manually thus allowing the
user to create a varying effect of simulated fill flash. Alterna
tively, the software may present the user with a selection of
corrections based on different tone reproduction curves and
different regions for the user to choose from.
Although exposure, or tone reproduction, may be the most
preferred enhancement to simulate fill flash, other corrections
may apply such as sharpening of the selected region, contrast

5

FIG. 6 illustrates similar functionality but inside the
device. A camera, whether still or video as illustrated by the
viewfinder 610, when in auto track mode 600, can detect the

10

either enhance the effect of the flash or decrease it, while

15
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calculates the overall exposure, 482. Such calculation is
known to one skilled in the art and can be as Sophisticated as
30

35

via the viewfinder in FIG. 7-a. When the face-auto-focus
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focus.

Alternatively, the camera may shift automatically, via user
request or through preference settings to a face-tracking
mode 780. In this mode, the camera keeps track of the loca
tion of the face, and continuously adjusts the focus based on
50

the location of the face.

In an alternative embodiment, the camera can search for the
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faces and mark them, similarly to the cross in FIG.722. The
photographer can then lock the focus on the Subject, for
example by half pressing the shutter. Locking the focus on the
subject differs form locking the focus, by the fact that if the
Subject then moves, the camera can still maintain the correct
focus by modifying the focus on the selected object.
FIG. 8 describes the use of information about the location

60

and the mouth.

The user can then choose between a few options such as:
Zoom into the face vs. Zoom out of the face and the level of

Zoom for a tight close up 520, a regular close up 520 or a
medium close up as illustrated by the bounding box 540. The
Software will then automatically calculate the necessary pan,
tilt and Zoom needed to Smoothly and gradually Switch

detected 760, the camera will switch to an alternative focus

ing mode, 762. If faces are detected, the camera will mark the
single or multiple faces. Alternatively, the camera may dis
play the location of the face 772, on the viewfinder or LCD.
The user may then take a picture, 790 where the faces are in

towards Such calculations.

FIG.5 describes yet another valuable use of the knowledge
of faces in images. In this example, knowledge of the faces
can help improve the quality of image presentation. An
image, 510 is inserted into a slide show software. The face is
then detected as defined in FIG. 1 block 104, including the
location of the important features of the face such as the eyes

arbitrarily on the center, the camera will then indicate to the
user where the focus is, 722 and the lens will be adjusted to the
distance to the face, which in this example, as seen in 728, is
11 ft. vs. the original 17 ft.
This process can be extended by one skilled in the art to
support not only a single face, but multiple faces, by applying
Some weighted average. Such average will depend on the
disparity between the faces, in distances, and sizes.
FIG.7b presents the workflow of the process as illustrated
mode is activated, 740, the camera continuously seeks for
faces, 750. This operation inside the camera is performed in
real time and needs to be optimized as such. If no faces are

CCC.

Alternatively, in a different embodiment, 496, this algo
rithm may be used to simply determine the overall exposure
based on the knowledge and the exposure of the faces. The
image will then be taken, 488, based on the best exposure for
the faces, as calculated in 496. Many cameras have a matrix
type of exposure calculation where different regions receive
different weights as to the contribution for the total exposure.
In Such cases, the camera can continue to implement the same
exposure algorithm with the exception that now, regions with
faces in them will receive a larger weight in their importance

FIG. 7a illustrates the ability to auto focus the camera
based on the location of the faces in the image. Block 710 is
a simulation of the image as seen in the camera viewfinder.
When implementing a center weight style auto focus, 718,
one can see that the image will focus on the grass, 17 feet
away, as depicted by the cross 712. However, as described in
this invention, if the camera in the pre-acquisition mode, 104
detects the face, 714, and focuses on the face, rather than

camera, in block 104, as defined in FIG. 1a, the camera
needed. In block 108, the camera searched for the existence of

the auto Zooming or not. This functionality can also be added
to a tracking mode where the camera continuously tracks the
location of the face in the image. In addition, the camera can
also maintain the right exposure and focus based on the face
detection.

maintaining the overall exposure. When the user activates the

faces in the image. An exposure is then calculated to the
regions defined as belonging to the faces, 486. The disparity
between the overall exposure as determined in 484 and the
faces, 486 is calculated. If the face regions are substantially
darker than the overall exposure 486, the camera will then
activate the flash in a fill mode, 490, calculate the necessary
flash power, aperture and shutter speed, 492 and acquire the
image 494 with the fill flash. The relationship between the
flash power, the aperture and the shutter speed are well for
mulated and known to one familiar in the art of photography.
Examples of such calculations can be found in U.S. Pat. No.
6,151,073 to Steinberget. al., hereby incorporated by refer

faces in the image, and then propose a digital combination of
Zoom pan and tilt to move from the full wide image 630 to a
Zoomed in image 640. Such indication may also show on the
viewfinder prior to Zooming, 632 as indication to the user,
which the usercanthen decide in real time whether to activate

enhancement, of even color correction. Additional advanta

geous corrections may be understood by those familiar with
the effect of physical strobes on photographed images.
Alternatively, as described by the flow chart of FIG. 4g, a
similar method may be utilized in the pre-acquisition stage, to
determine if a fill flash is needed or not. The concept of using
a fill flash is based on the assumption that there are two types
of light Sources that illuminate the image: an available exter
nal or ambient light source, which is controlled by the gain,
shutter speed and aperture, and a flash which is only con
trolled by the flash power and affected by the aperture. By
modifying the aperture vs. the shutter speed, the camera can

from within a selection of effects such as dissolve,
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and size of faces to determine the relevant compression ratio
of different segments of the image. Given an image 800,
which is segmented into tiles using horizontal grid 830, and
vertical grid 820. The tiles which include or partially include
face information are marked 850. Upon compression, regions
of 850 may be compressed differently than the tiles of image
800 outside of this region. The degree of compression may be
predetermined, pre-adjusted by the user or determined as an
interactive process. In the case of multiple detected faces in an
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image, the user may also assign different quality values, or
compression rates based on the importance of the faces in the
image. Such importance may be determined subjectively
using an interactive process, or objectively using parameters
such as the relative size of the face, exposure or location of the
face relative to other subjects in the image.
An alternative method of variable compression involves
variable resolution of the image. Based on this, the method
described with reference to FIG. 8 can also be utilized to

create variable resolution, where facial regions which are
preferably usually the important regions of the image, and
will be preferably maintained with higher overall resolution
than other regions in the image. According to this method,
referring to FIG. 8, the regions of the face as defined in block
850 will be preferably maintained with higher resolution than
regions in the image 800 which are not part of 850.
An image can be locally compressed so that specific
regions will have a higher quality compression which equates
to lower compression rate. Alternatively and/or correspond
ingly, specific regions of an image may have more or less

26
skintones in two distinct directions may be computed and the
location of a face within the image may be calculated from
these two distributions.

In another embodiment, electrical and/or software or firm

10

15

information associated with them. The information can be

encoded in a frequency-based, or temporal-based method
such as JPEG or Wavelet encoding. Alternatively, compres
sion on the spatial domain may also involve a change in the
image resolution. Thus, local compression may also be
achieved by defining adjustable variable resolution of an
image in specific areas. By doing so, selected or determined
regions of importance may maintain low compression or high
resolution compared with regions determined to have less
importance or non-selected regions in the image.
Face detection and face tracking technology, particularly
for digital image processing applications according to pre
ferred and alternative embodiments set forth herein, are fur

ther advantageous in accordance with various modifications
of the systems and methods of the above description as may
be understood by those skilled in the art, as set forth in the
references cited and incorporated by reference herein and as
may be otherwise described below. For example, such tech
nology may be used for identification of faces in video
sequences, particularly when the detection is to be performed
in real-time. Electronic component circuitry and/or software
or firmware may be included in accordance with one embodi
ment for detecting flesh-tone regions in a video signal, iden
tifying human faces within the regions and utilizing this infor
mation to control exposure, gain settings, auto-focus and/or
other parameters for a video camera (see, e.g., U.S. Pat. Nos.
5.488,429 and 5,638,136 to Kojima et al., each hereby incor
porated by reference). In another embodiment, a luminance
signal and/or a color difference signal may be used to detect
the flesh tone region in a video image and/or to generate a
detecting signal to indicate the presence of a flesh tone region
in the image. In a further embodiment, electronics and/or
Software or firmware may detect a face in a video signal and
substitute a “stored facial image at the same location in the
Video signal, which may be useful, e.g., in the implementation
of a low-bandwidth videophone (see, e.g., U.S. Pat. No.
5,870,138 to Smith et al., hereby incorporated by reference).
In accordance with another embodiment, a human face

may be located within an image which is Suited to real-time
tracking of a human face in a video sequence (see, e.g., U.S.
Pat. Nos. 6,148,092 and 6,332,033 to Qian, hereby incorpo
rated by reference). An image may be provided including a
plurality of pixels and wherein a transformation and filtering
of each pixel is performed to determine if a pixel has a color
associated with human skin-tone. A statistical distribution of
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ware components may be provided to track a human face in an
image from a video sequence where there are multiple per
sons (see, e.g., U.S. Pat. No. 6,404,900 also to Qian, hereby
incorporated by reference). A projection histogram of the
filtered image may be used for output of the location and/or
size of tracked faces within the filtered image. A face-like
region in an image may also be detected by applying infor
mation to an observer tracking display of the auto-stereo
scopic type (see, e.g., U.S. Pat. No. 6,504.942 to Hong et al.,
incorporated by reference).
An apparatus according to another embodiment may be
provided for detection and recognition of specific features in
an image using an eigenvector approach to face detection
(see, e.g., U.S. Pat. No. 5,710,833 to Moghaddam et al.,
incorporated by reference). Additional eigenvectors may be
used in addition to or alternatively to the principal eigenvector
components, e.g., all eigenvectors may be used. The use of all
eigenvectors may be intended to increase the accuracy of the
apparatus to detect complex multi-featured objects.
Another approach may be based on object identification
and recognition within a video image using model graphs
and/or bunch graphs that may be particularly advantageous in
recognizing a human face over a wide variety of pose angles
(see, e.g., U.S. Pat. No. 6,301,370 to Steffenset al., incorpo
rated by reference). A further approach may be based on
object identification, e.g., also using eigenvector techniques
(see, e.g., U.S. Pat. No. 6,501,857 to Gotsman et al., incor
porated by reference). This approach may use smooth weak
vectors to produce near-Zero matches, or alternatively, a sys
tem may employ strong vector thresholds to detect matches.
This technique may be advantageously applied to face detec
tion and recognition in complex backgrounds.
Anotherfield of application for face detection and/or track
ing techniques, particularly for digital image processing in
accordance with preferred and alternative embodiments
herein, is the extraction of facial features to allow the collec

tion of biometric data and tracking of personnel, or the clas
sification of customers based on age, sex and other categories
which can be related to data determined from facial features.
45
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Knowledge-based electronics and/or software or firmware
may be used to provide automatic feature detection and age
classification of human faces in digital images (see, e.g., U.S.
Pat. No. 5,781,650 to Lobo & Kwon, hereby incorporated by
reference). Face detection and feature extraction may be
based on templates (see U.S. Pat. No. 5,835,616 also to Lobo
& Kwon, incorporated by reference). A system and/or
method for biometrics-based facial feature extraction may be
employed using a combination of disparity mapping, edge
detection and filtering to determine co-ordinates for facial
features in the region of interest (see, e.g., U.S. Pat. No.
6,526,161 to Yan, incorporated by reference). A method for
the automatic detection and tracking of personnel may utilize
modules to track a users head or face (see, e.g., U.S. Pat. No.
6,188,777, incorporated by reference). For example, a depth
estimation module, a color segmentation module and/or a
pattern classification module may be used. Data from each of
these modules can be combined to assist in the identification

ofa user and the system can track and respond to a user's head
or face in real-time.
65

The preferred and alternative embodiments may be applied
in the field of digital photography. For example, automatic
determination of main Subjects in photographic images may
be performed (see, e.g., U.S. Pat. No. 6,282,317 to Luo et al.,
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incorporated by reference). Regions of arbitrary shape and
size may be extracted from a digital image. These may be
grouped into larger segments corresponding to physically
coherent objects. A probabilistic reasoning engine may then
estimate the region which is most likely to be the main subject
of the image.
Faces may be detected in complex visual scenes and/or in
a neural network based face detection system, particularly for
digital image processing in accordance with preferred or
alternative embodiments herein (see, e.g., U.S. Pat. No.
6,128,397 to Baluja & Rowley; and “Neural Network-Based
Face Detection. IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. 20, No. 1, pages 23-28, January
1998 by the same authors, each reference being hereby incor
porated by reference. In addition, an image may be rotated
prior to the application of the neural network analysis in order
to optimize the success rate of the neural-network based
detection (see, e.g., U.S. Pat. No. 6,128.397, incorporated by
reference). This technique is particularly advantageous when
faces are oriented vertically. Face detection in accordance
with preferred and alternative embodiments, and which are
particularly advantageous when a complex background is
involved, may use one or more of skin color detection, Span
ning tree minimization and/or heuristic elimination of false
positives (see, e.g., U.S. Pat. No. 6,263,113 to Abdel-Mot
taleb et al., incorporated by reference).
A broad range of techniques may be employed in image
manipulation and/or image enhancement in accordance with
preferred and alternative embodiments, may involve auto
matic, semi-automatic and/or manual operations, and are
applicable to several fields of application. Some of the dis
cussion that follows has been grouped into subcategories for
ease of discussion, including (i) Contrast Normalization and
Image Sharpening; (ii) Image Crop, Zoom and Rotate; (iii)
Image Color Adjustment and Tone Scaling; (iv) Exposure
Adjustment and Digital Fill Flash applied to a Digital Image:
(v) Brightness Adjustment with Color Space Matching; and
Auto-Gamma determination with Image Enhancement; (vi)
Input/Output device characterizations to determine Auto
matic/Batch Image Enhancements; (vii) In-Camera Image
Enhancement; and (viii) Face Based Image Enhancement.
(i) Contrast Normalization and Image Sharpening
This field is relates to adjusting a digital image, after cap
ture, to improve the image sharpness, contrast and/or poten
tially simulate an improved focus on the main subject. An
image may be sharpened by transforming the image repre
sentation into a frequency-domain representation and by
selectively applying scaling factors to certain frequency
domain characteristics of an image (see, e.g., U.S. Pat. No.
6.421,468 to Ratnakar et al., incorporated by reference). The
modified frequency domain representation may be back
transformed into the spatial domain and provide a sharpened
version of the original image. This image sharpening effect
may be applied to the entire image (see particularly Ratnakar
et al., above). Image sharpening may also be applied selec
tively to particular spatial regions within an image in accor
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dance with an embodiment herein.

Automatic contrast enhancement of an image may be pro
vided by increasing the dynamic range of the tone levels
within an image without causing Substantial distortion or
shifts to the color map of the image (see, e.g., U.S. Pat. No.
6,393,148 to Bhaskar, incorporated by reference). This
enhancement may be applied to the entire image or selec
tively and advantageously to a one or more particular spatial
regions within the image. In addition, correction for the entire

60
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image may be selectively derived from characteristics of a
particular spatial region within the image, such as a human
face region.
A digital photo-finishing system may include image pro
cessing to provide scene balance, image sharpening and/or
contrast normalization (see, e.g., U.S. Pat. No. 6,097,470 to
Buhr et al., incorporated by reference). Algorithms may be
optimized to a print medium and applied to the entire image.
(ii) Crop, Zoom and Rotate a Digital Image
The selection of a portion of a digital image with an
improved compositional form over the original image repre
sents a form of image enhancement by “cropping. A similar
technique involves selecting a Sub-region of the original
image and enhancing the resolution of this Sub-region by
interpolating between the pixels. This represents a form of
digital Zooming of the image and can provide an improve
ment on the original image if correctly applied. A third means
of spatially altering the image is to change the image orien
tation by rotating the image. This may be, e.g., a straight
forward 90° or 270° rotation to change the image aspect from
landscape to portrait or Vice-versa, or may involve a rotation
of an arbitrary number of degrees, e.g., to level the eye line,
etc. (See also above).
An electrical system, software or firmware may be pro
vided wherein an image of a portion of a photographic image
is automatically produced. This may utilize a technique
known as a “belief map' (see, e.g., U.S. patent application
2002/0114535 to Luo, incorporated by reference) to deter
mine the probability that a certain region within the principle
image is the main region of interest. Main subjects may be
automatically determined in an image (see, e.g., U.S. Pat. No.
6,282.317 to Luo et al., incorporated by reference). Regions
of arbitrary shape and/or size may be extracted from a digital
image. These regions may be grouped into larger segments
corresponding to physically coherent objects. A probabilistic
reasoning engine for main-Subject-detection may also esti
mate the region which is most likely to be the main subject of
the image. This technique may involve a set of feature extrac
tions from the original image which are then filtered through
a tunable, extensible, probability network to generate the
belief map. In this alternative embodiment, the probabilistic
“belief map' is generated by the main subject detection
engine.
The above system of the alternative embodiment involving
the generation of a belief map may generally involve some
degree of computational complexity. According to a preferred
embodiment herein, information gained from the detection
and/or presence of faces in an image may be advantageously
used to determine a region or regions of interest within an
image, generally involving a reduction of computational
complexity and making its application with resource-con
strained portable or embedded systems very desirable.
A system, software and/or firmware may be provided that
automatically rotates, crops and scales digital images for
printing (see, e.g., U.S. Pat. No. 6,456,732 to Kimbell et al.,
incorporated by reference). In this embodiment, an optimal
number of digital images may be fit onto a sheet of paper of
definite size in a printer. The system may or may not involve
improving the images themselves, and/or may include one or
more components that serve to preserve the original image
quality in the printed form. In accordance with a preferred
embodiment, the actions of rotating, cropping and/or scaling
an image may be based on criteria other than those derived
from the image as a whole. Such as information pertaining to
faces in the image.
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An embodiment involving automatic image cropping may
use regional intensity variations to separate areas of an image
with uniform intensity levels from those with significant
variation in intensity levels (see, e.g., U.S. Pat. No. 5,978,519
to Bollman et al.). A portrait, e.g., may be cropped from a
uniform background. Such as in the instance of a passport
photograph. In accordance with a preferred embodiment,
however, a portrait may be extracted from a more complex
background. Automatic cropping may be based on intensity
and/or texture variances of regions within an image. Face
detection is preferably used as an advantageous means to
determine a region within an image for automatic cropping.
In the context of automatic image rotation, and determin
ing image orientation, an embodiment including electrical,
software and/or firmware components that detect blue sky
within images may be included (see, e.g., U.S. Pat. No. 6,504,
951 to Luo et al., incorporated by reference) This feature
allows image orientation to be determined once the blue-sky
region(s) are located and analyzed in an image. In accordance
with an alternative embodiment, other image aspects are also
used in combination with blue sky detection and analysis, and
in particular the existence of facial regions in the image, to
determine the correct orientation of an image.
(iii) Color Adjustment and Tone Scaling of a Digital
Image
A portion of an image may be modified in accordance with
colorimetric parameters (see, e.g., U.S. published patent
application 2002/0105662 to Patton et al., incorporated by
reference). Such image modification may involve identifying
a region representing skin tone in an image, displaying a
plurality of renderings for the skin tone, selecting one of the
renderings and/or modifying the skin tone regions in the
images in accordance with the rendering of the skintone, e.g.,
as selected by the user or automatically or semi-automatically
selected using software and/or firmware. The skin tone infor
mation from a particular region of the image may be used to
enhance the image. In accordance with a preferred embodi
ment, facial regions are detected within the image, based on
which image enhancement is automatically or semi-auto
matically performed.
In another embodiment, image color may be compensated
when adjusting the contrast of a digital color image (see, e.g.,
U.S. Pat. No. 6,438.264 to Gallagher et al.). This may include
receiving a tone scale function, calculating a local slope of the
tone scale function for each pixel of a digital image, calcu
lating a color Saturation signal from the digital color image,
and/or adjusting the color Saturation signal for each pixel of
the color image based on the local tone scale slope. Image
enhancements may be applied to the entire image and/or may
be based on a global tone scale function. In accordance with
the preferred embodiment, Such enhancement may be applied
to a region of interest Such as a facial region. Characteristics
of a region of the image may be used to apply automatic
enhancements to the entire image or, alternatively, the use of
whole image characteristics or global characteristic functions
may be used to apply automatic enhancements to selective
regions of an image. Such as facial regions.
A spatially blurred and/or Sub-Sampled version of an origi
nal image can be used to obtain information regarding statis
tical characteristics of a scene or original image (see, e.g.,
U.S. Pat. No. 6,249,315 to Holm, incorporated by reference).
This information may be combined with tone reproduction
curves and other characteristics of an output device or media
to provide an enhancement strategy for optimized output of a
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digital image. This processing can be performed automati
cally or by simple, intuitive manual adjustment by a user.
(iv) Exposure Adjustment and Digital Fill Flash
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A system, software, firmware or method for simulating fill
flash in digital photography may be provided in accordance
with preferred and alternative embodiments herein (see also
U.S. patent application 2003/0052991 to Stavely et al.) A
digital camera may be used to shoot a series of photographs of
a scene at various focal distances. These pictures may be
Subsequently analyzed to determine distances to different
objects in the scene. Regions of these pictures may have their
brightness selectively adjusted based on the aforementioned
distance calculations and may be then combined to form a
single, photographic image. In accordance with a preferred
embodiment, information regarding the existence of facial
regions within the image is used, e.g., to particularly selec
tively adjust the brightness of the facial regions. Moreover,
automatic enhancement on a single image may be advanta
geously performed in the preferred embodiment. Performing
Such enhancement on a single image reduces the speed which
a camera may otherwise need to be capture multiple images.
Alternatively, several images may be combined to form one.
A multiplicity of images may be captured in this alternative
embodiment by a digital camera without the camera moving,
generally involving a camera employing a very fast image
capture process.
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Another embodiment includes scene recognition method
and a system using brightness and ranging mapping (see, e.g.,
U.S. published patent application 2001/0031142 to White
side, incorporated by reference). Auto-ranging and/or bright
ness measurement may be used to adjust image exposure to
ensure that background and/or foreground objects are cor
rectly illuminated in a digital image. Automatically adjust
ment of image exposure may be performed prior to image
capture, or more preferably after the image is captured.
In the preferred embodiment, corrections and enhance
ments of regions within digital images are performed prefer
ably including entire faces or parts of faces that themselves
form part of an overall image. This may include a selected
face or selected faces of multiple faces appearing in an image.
For these preferred corrections and enhancements, fill flash is
preferably used. Alternatively, image correction and
enhancements may be performed on entire digital images.
This may involve correction of image exposure and tone scale
(see, e.g., U.S. Pat. No. 6,473,199 to Gilman et al. and U.S.
Pat. No. 5,991,456 to Rahman et al., incorporated by refer
ence).
Regional analysis and regional adjustment of image inten
sity or exposure levels may be performed in accordance with
preferred and alternative embodiments. A method or appara
tus may use area selective exposure adjustment (see, e.g.,
U.S. Pat. No. 5,818,975 to Goodwin et al., incorporated by
reference). A digital image can have the dynamic range of its
scene brightness reduced to Suit the available dynamic bright
ness range of an output device by separating the scene into
two regions: one with a high brightness range and one with a
low brightness range. A brightness transform may be derived
for both regions to reduce the brightness of the first region and
to boost the brightness of the second region, recombining
both regions to reform an enhanced version of the original
image for an output device.
In another embodiment, brightness adjustment of images
uses digital scene analysis (see, e.g., U.S. Pat. No. 5,724.456
to Boyacket al.). An image may be partitioned into blocks and
larger groups of blocks, that may be referred to as sectors. An
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average luminance block value may be determined. A differ
ence may be determined between the maximum and mini
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saving a picture or before deciding to re-save or delete the
picture. The user may choose to re-take a picture using dif
ferent settings on the camera. Suggestion for improvements
may be made by the camera user-interface.
(viii) Face-Based Image Enhancement

mum block values for one or more sectors. If this difference

exceeds a pre-determined threshold, the sector may be
marked active. A histogram of weighted counts of active
sectors against average luminance sector values may also be
plotted and the histogram shifted to using a pre-determined
criteria So that the average luminance sector values of interest
will fall within a destination window corresponding to a tonal
reproduction capability of a destination application or output
device. In accordance with a preferred embodiment, regions
within an image are preferably used, and even more prefer
ably the presence or knowledge of a human facial region or
facial regions within the image are used to determine and/or
apply image enhancement and/or correction to the regions or
to the image as whole.
(v) Brightness Adjustment; Color Space Matching:
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Auto-Gamma

Further preferred and alternative embodiments involving
face detection and image enhancement may include bright
ness adjustment and color matching between color spaces.
For example, image data may be transformed from device
dependent color spaces to device-independent lab color
spaces and back again (see, e.g., U.S. Pat. No. 6,459,436 to
Kumada et al., incorporated by reference). Image data may be
initially captured in a color space representation which is
dependent on the input device, and may be Subsequently
converted into a device independent color space. Gamut map
ping (hue restoration) may be performed in the device inde
pendent color space and the image data may then be mapped
back to a second device-dependent color space and sent to an
output device.
A system, software and/or firmware may be provided to
correct luminance and chrominance data in digital color
images (see, e.g., U.S. Pat. No. 6,268,939 to Klassen et al.,
incorporated by reference) In this embodiment, transforma
tions may be optimized between device dependent and device
independent color spaces by applying Sub-sampling of the
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detectable features.
Auto-Focus
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luminance and chrominance data. In another embodiment,

quality improvement of a printed image may be performed by
automatically determining an image gamma and then adjust
ing the gamma of a printer to correspond to that of the image
(see, e.g., U.S. Pat. No. 6,192,149 to Eschback et al., incor
porated by reference). The printed quality of a digital image
may be thereby enhanced, and preferably a digital image
itself may also be enhanced in this way. In an alternative
embodiment, software or firmware provides for automati
cally determining the gamma of a digital image. This infor
mation may be advantageously used to directly adjust image
gamma, or used as a basis for applying other enhancements to
the original digital image. Such as face detection-based image
enhancement according to a preferred embodiment. In addi
tion, a gradation correction to an RGB image signal may be
implemented allowing image brightness to be adjusted with
out affecting image hue and Saturation (see, e.g., U.S. Pat. No.
6,101.271 to Yamashita et al.)
(vii) In-Camera Image Enhancement
In further preferred and alternative embodiments,
improvements to a digital image may be suggested to a user
after the image has been acquired or captured by a camera
(see, e.g., U.S. Pat. No. 6,516,154 to Parulski et al., incorpo
rated by reference). According to these embodiments, a user
may crop, re-size and/or adjust color balance either before

In preferred embodiments herein, automatically or semi
automatically improving the appearance of faces in images
based on automatically and/or manually detecting Such facial
images in the digital image is an advantageous feature (see
also U.S. published patent application 20020172419, to Linet
al., incorporated by reference) Lightness contrast and color
level modification of an image may be performed to produce
better results. Moreover, using such information and other
information for detecting orientation, providing assistance as
part of an in-camera acquisition process, and/or providing
assistance in a composition or a slide show based on Such
information are features of preferred and alternative embodi
ments herein. The application may automatically detect the
faces, or suggest portions of an image that may correspond to
faces for confirmation and selection by a user, and the Soft
ware or firmware may allow the user to select additional
image portions that may correspond to faces not detected by
the automatic or semi-automatic processes of the Software.
Image enhancement according to preferred and alternative
embodiment herein may be applied to a face region or face
regions only, or the enhancement may be applied to the entire
image, or selective and distinct corrections may be applied to
both background and foreground regions, particularly facial
regions, based on knowledge of the presence of faces in the
image and/or other image regions such as blue sky or other
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In accordance with a preferred embodiment, detection of a
face or a primary face among multiple faces in an image
enhances the ability of the software and/or firmware of an
image processing system, within a camera or external to a
camera, is advantageously used to provide an accurate focus
ing on the appropriate subjects. Distances to Subjects may be
estimated, and automatic or manual determinations may be
made as to where the main Subject matter exists.
A system, software and/or firmware may include an expo
Sure measurement and/or focus detection feature that uses an

image sensor Such as photo diode array (MOS image sensor),
or CCD (charge coupled device) (see, e.g., U.S. Pat. Nos.
4,047,187, and RE31370, to Mashimo et al., incorporated by
reference). In general with respect to preferred and alternative
embodiments, a photodetector array device may be used for
the detection of images for image processing, particularly
preferably including faces and face detection, or from which
the image may be acquired and/or captured and stored for
image processing. A system may defines an active auto focus
system in which a beam of modulated energy is projected
towards a subject to be focused upon with the energy reflected
therefrom directed towards the detector array. An auto focus
circuit for a video or still camera may also include passive
systems that do not use infrared signal reflections for auto
focus (see, e.g., U.S. Pat. Nos. 46383.64 and RE33682, incor
porated by reference). Such systems may be based on analysis
of images either based on high frequency information, or
alternatively a local contrast calculation (see, e.g., U.S. Pat.
No. 4,638.364 and Japanese patent JP 5,260.360 A2, incor
porated by reference).
A subject of an image. Such as a facial region, may be based
on a center-weighted formula. Alternatively, a camera may
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focus on objects based on the direction that the eye which is
looking into the viewfinder is pointing (see, e.g., U.S. Pat. No.
5,291,234, incorporated by reference). Such alternative sys
tem may generally further include special additional hard
ware in the camera viewfinder. The system of the preferred
embodiment which detects faces and generally utilized soft

5

What is claimed is:

ware and/or firmware to determine auto-focus based on size

and/or location of one or more primary faces is advantageous
over this alternative hardware-based auto-focus system in
that eye movement may involve not only a fixation where the
photographer holds his/her gaZeat a stationary point, but may
involve saccade where the photographer moves his/her gaZe
quickly between a few points. Also according to a preferred
embodiment, electronic detection, acquisition and/or capture
circuitry, software and firmware serves to detect and/or cor
rect or enhance a focus of an image, preferably automatically
or alternatively semi-automatically as providing a choice or
choices to a user to select from, based on an analysis of the
content of the image, and in particular based on the location of
faces in the image which may be deemed to have primary
importance among various regions on the image.
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Selecting Regions of Interest
In further embodiments, various schemes may be used for
selecting an area or areas of interest from an electronically
captured image, most preferably areas including faces or
facial regions (see also UK patent application number
GB0031423.7 entitled “automatic cropping of electronic
images, incorporated by referernce). Regions of interest
may be automatically or semi-automatically selected within
an image in response to a selection signal (see, e.g., U.S.
published patent application 2003/0025812, incorporated by
reference). Panning across an image may be performed pref
erably keeping a selected region Such as a selected face or
faces in view. An image processing system may be preferably
employed with the panning method. A video camera system
of another embodiment may implement tracking and/or
Zooming in relation to an object targeted by the camera (see,
e.g., U.S. Pat. No. 5,812, 193, incorporated by reference) For
example, a user may teach the camera by presenting the
camera with a view of an object, such that the camera may
then seek to control a tracking motor So as to keep the object
in view, and/or a Zoom motor such that the size of the object
with respect to the overall image remains fixed at the region
learned by the camera. In a further embodiment, a model of a
person’s head may be provided such that the camera can
correctly identify the head, or others like it, within its field of
view. Thus the device seeks to maintain a lock on a target.
Such may be performed mechanistically or according to Soft
ware and/or firmware provided within the camera. Advanta
geously, multiple targets such as multiple faces or facial
regions may be tracked and/or Zoomed, and preferably digi
tally enhanced, e.g., in view of aesthetic considerations.
While an exemplary drawings and specific embodiments of
the present invention have been described and illustrated, it is
to be understood that that the scope of the present invention is
not to be limited to the particular embodiments discussed.
Thus, the embodiments shall be regarded as illustrative rather
than restrictive, and it should be understood that variations
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1. A method of processing a digital image using face detec
tion within said image to achieve one or more desired image
processing parameters, comprising using a portable micro
processor-based image acquisition device in:
(a) acquiring a temporally-sequential collection of two or
more images of Substantially a same scene;
(b) identifying and tracking at least one group of pixels that
corresponds to an image of a same face region across
said collection of images;
(c) determining default values of one or more parameters of
at least some common portion of said images; and
(d) modifying values of the one or more parameters within
a main acquired image based upon an analysis of said
face region and the default parameter values determined
based on the collection of images, and
(e) rendering, transmitting, transferring, storing, upload
ing, caching, or displaying said modified image or a
further processed version, or combinations thereof.
2. The method of claim 1, wherein said collection of

images comprise lower resolution images than said main
acquired image.

3. The method of claim 1, wherein said collection of
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images and said main acquired image each comprise said
same face region.
4. The method of claim 1, further comprising acquiring
said main acquired image based on user input.
5. The method of claim 4, wherein said main acquired
image comprises a higher resolution than said collection of
images.
6. The method of claim 1, wherein said modifying com
prises modifying values of the one or more parameters within
a most recently acquired image of the collection based upon
an analysis of said face region and the default parameter
values of one or more preceding images of the collection.
7. The method of claim 1, wherein said collection of low

resolution images comprises one or more thumbnail views or
a contact sheet or both.
45

8. The method of claim 7, further comprising displaying in
preview said one or more thumbnail views or said contact
sheet or said collection of low resolution images including
said face, or combinations thereof.
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may be made in those embodiments by workers skilled in the
arts without departing from the scope of the present invention
as set forth in the claims that follow and their structural and

functional equivalents.
In addition, in methods that may be performed according to
the claims below and/or preferred embodiments herein, the
operations have been described in selected typographical

34
sequences. However, the sequences have been selected and so
ordered for typographical convenience and are not intended
to imply any particular order for performing the operations,
unless a particular ordering is expressly provided or under
stood by those skilled in the art as being necessary.
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9. One or more processor readable storage devices having
processor readable code embodied thereon, said processor
readable code for programming one or more processors to
perform a method of processing a digital image using face
detection within said image to achieve one or more desired
image processing parameters, the method comprising:
(a) acquiring a temporally-sequential collection of two or
more images of Substantially a same scene;
(b) identifying and tracking at least one group of pixels that
corresponds to an image of a same face region across
said collection of images;
(c) determining default values of one or more parameters of
at least some common portion of said images; and
(d) modifying values of the one or more parameters within
a main acquired image based upon an analysis of said
face region and the default parameter values determined
based on the collection of images, and
(e) rendering, transmitting, transferring, storing, upload
ing, caching, or displaying said modified image or a
further processed version, or combinations thereof.
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10. The one or more storage devices of claim 9, wherein
said collection of images comprise lower resolution images
than said main acquired image.
11. The one or more storage devices of claim 9, wherein
said collection of images and said main acquired image each
comprise said same face region.
12. The one or more storage devices of claim 9, wherein the
method further comprises acquiring said main acquired
image based on user input.
13. The one or more storage devices of claim 12, wherein
said main acquired image comprises a higher resolution than
said collection of images.
14. The one or more storage devices of claim 9, wherein
said modifying comprises modifying values of the one or
more parameters within a most recently acquired image of the
collection based upon an analysis of said face region and the
default parameter values of one or more preceding images of

5

10

15

the collection.

15. The one or more storage devices of claim 9, wherein
said collection of low resolution images comprises one or
more thumbnail views or a contact sheet or both.

16. The one or more storage devices of claim 15, further
comprising displaying in preview said one or more thumbnail
views or said contactsheet or said collection of low resolution

images including said face, or combinations thereof.
17. A portable digital camera comprising a lens, an image
sensor, a processor, and memory having processor-readable
code embedded therein for programming the processor to
perform a method of processing a digital image using face
detection within said image to achieve one or more desired
image processing parameters, wherein the method com
prises:
(a) acquiring a temporally-sequential collection of two or
more images of Substantially a same scene;
(b) identifying and tracking at least one group of pixels that
corresponds to an image of a same face region across
said collection of images;
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(c) determining default values of one or more parameters of
at least some common portion of said images; and
(d) modifying values of the one or more parameters within
a main acquired image based upon an analysis of said
face region and the default parameter values determined
based on the collection of images, and
(e) rendering, transmitting, transferring, storing, upload
ing, caching, or displaying said modified image or a
further processed version, or combinations thereof.
18. The portable digital camera of claim 17, wherein said
collection of images comprise lower resolution images than
said main acquired image.
19. The portable digital camera of claim 17, wherein said
collection of images and said main acquired image each com
prise said same face region.
20. The portable digital camera of claim 17, wherein the
method further comprises acquiring said main acquired
image based on user input.
21. The portable digital camera of claim 20, wherein said
main acquired image comprises a higher resolution than said
collection of images.
22. The portable digital camera of claim 17, wherein said
modifying comprises modifying values of the one or more
parameters within a most recently acquired image of the
collection based upon an analysis of said face region and the
default parameter values of one or more preceding images of
the collection.

23. The portable digital camera of claim 17, wherein said
collection of low resolution images comprises one or more
30

thumbnail views or a contact sheet or both.

24. The portable digital camera of claim 23, wherein the
method further comprises displaying in preview said one or
more thumbnail views or said contact sheet or said collection

oflow resolution images including said face, or combinations
35

thereof.
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